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We derive a theorem for the lower bound on the energy dissipation rate by an active microswimmer
of arbitrary shape in a fluid at low Reynolds number. We show that, for any swimmer, the minimum
dissipation at a given speed can be expressed in terms of the resistance tensors of two passive bodies
of the same shape with a no-slip and perfect-slip boundary. To achieve the absolute minimum
dissipation, the optimal swimmer needs a surface velocity profile that corresponds to the flow around
the perfect-slip body, and a propulsive force density that corresponds to the no-slip body. We propose
an alternative definition of the energetic efficiency of microswimmers that, unlike the commonly-
used Lighthill efficiency, can never exceed unity. We validate the theory by calculating the efficiency
limits of spheroidal swimmers.
Microswimmers are natural or artificial self-propelled
microscale objects moving through a fluid at low
Reynolds numbers, such that viscous forces dominate
over inertia [1]. The swimming motion can arise from pe-
riodic changes in the shape of the swimmer, which have
to be non-reciprocal in time [2–4]. Organisms propelled
by bacterial or eukaryotic flagella rely on non-reciprocal
shape changes of their flagella. Many other microorgan-
isms are propelled by thousands of cilia that all beat in
an asymmetric fashion. Their beating could in principle
be described as a shape change, but it is usually more
insightful to use a coarse-grained approach in which the
cilia are replaced by a propulsive layer that generates an
effective tangential slip velocity along the surface [5–12].
Most artificial microswimmers rely on the self-phoretic
mechanism and are therefore driven by a slip velocity by
design [13–17].
The energetic efficiency of microswimmers is com-
monly defined by Lighthill’s criterion as the power,
needed when an external force moves a swimmer with
drag coefficient R with a speed V , divided by the dissi-
pated power P when the self-propelled swimmer moves
with the same speed, namely ηL = RV
2/P [5]. Maximiz-
ing ηL will always provide the minimum power needed
to achieve a certain swimming speed, or, conversely, the
maximum speed that can be achieved with a given power.
However, ηL is not an efficiency in the thermodynamic
sense and it can, in principle, exceed 100% [18]. For in-
stance, Leshansky et al. [19] showed that the Lighthill
efficiency of a prolate spheroid diverges with the aspect
ratio, becoming infinite for a thin needle. It is possible
to introduce an efficiency that has an upper bound by
evaluating the potential ability of the swimmer to tow
a tethered cargo [18, 20], although this definition will
depend on the specific (geometric) features of the cargo
[21].
Microswimmers driven by an effective surface slip ve-
locity have two contributions to the dissipation: external
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(in the outer problem), due to the shearing motion of
the surrounding fluid, and internal (in the inner prob-
lem), due to losses in the propulsive layer. The latter,
which focuses on the dissipation in the propulsive layer
[10], has been the focus of several studies on the grounds
that this is often the dominant contribution, for exam-
ple, in ciliated microorganisms [22, 23]. The former, on
the other hand, concerns the energy loss due to viscous
dissipation, which has also been discussed analytically
for spherical [24, 25], and spheroidal [19] swimmers, or
computationally for more general axisymmetric swim-
mers [26]. Studies on phoretic swimmers also add the
dissipation of the chemical mechanism that leads to the
surface slip [27, 28]. Here, our focus is on the the external
dissipation, which can set a fundamental limit on swim-
ming efficiency, independent of the details of the driving
mechanism. Since 1973, when John Blake proposed that
minimum energy dissipation theorems be formulated [29],
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FIG. 1. A surface-slip driven swimmer of arbitrary shape with
normal vector n. The fluid at the boundary has a slip velocity
vsA relative to the swimmer body. The swimmer moves with
the rigid-body velocity VA = [VA ΩA], where VA and ΩA are
the translational and rotational velocities. The magenta and
light-blue arrows show the schematic of the slip velocity and
the streamlines, in the co-moving frame.
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2a number of analytical and numerical studies on efficiency
limits of microswimmers have emerged. However, general
statements on efficiency bounds have remained scarce.
In this Letter, we propose a theorem that sets a fun-
damental lower bound on the external dissipation PA
around an active microswimmer of any arbitrary shape
(Fig. 1). The swimmer moves with translational and an-
gular velocities VA and ΩA (or in short VA = [VA ΩA]),
which result from a surface slip velocity profile vsA that is
always tangential to the surface (i.e. vsA ·n = 0, where n
is the surface normal). We prove that in the space of all
possible configurations of vsA that lead to the same VA,
the dissipation satisfies the inequality
PA ≥ VA ·
(
R−1PS − R−1NS
)−1 · VA. (1)
Here, RPS and RNS are the rigid-body resistance ten-
sors corresponding to the perfect-slip (PS) and no-slip
(NS), and they map the translational and angular veloci-
ties to the net hydrodynamic forces and torques, namely
FPS = [FPS LPS] and FNS = [FNS LNS]. We thus demon-
strate that the minimum dissipation at a given swimming
speed—or the maximum swimming efficiency—of an ac-
tive swimmer can be determined solely by the knowledge
of the viscous resistance tensors of the same body with
no-slip and perfect-slip boundary conditions. We use the
theorem to propose a new expression for the microswim-
mer efficiency as
ηm ≡ VA · RPS · VA
PA
≤ 1, (2)
which compares the absolute minimum power needed to
move the body with the same exact velocity (correspond-
ing to dragging a perfect-slip body) and the power ex-
pended by the active swimmer. We demonstrate that our
proposed microswimmer efficiency is bounded by unity,
unlike Lighthill efficiency.
We consider an active swimmer of arbitrary shape,
shown in Fig. 1. The motion of the swimmer is governed
by the Stokes equations ∇ ·σ = 0 and ∇ · v = 0 subject
to boundary condition v(x ∈ S) = VA + ΩA × x + vsA.
Here, v is the velocity field, σ = −pI+ 2µE is the stress
field, p is the pressure field, E =
(∇v +∇v>) /2 is the
strain-rate tensor, µ is the fluid viscosity, S describes the
surface of the particle, and x is the position vector. In
the absence of any external force or torque, the power
dissipated by the swimmer follows
PA = −
∫
S
dSfA · vsA, (3)
where fA = n · σA is the traction and dS denotes the
surface element. Here, our main goal is to find a slip
velocity profile vsA that minimizes PA for a swimmer of
arbitrary shape, while keeping the swimming velocity VA
constant.
We start our derivation by first showing that among all
flows around a body of a given shape, the flow that sat-
isfies the perfect-slip boundary condition on the surface
has the minimal dissipation. For this purpose we adapt
the standard derivation of the Helmholtz minimum dis-
sipation theorem (see Guazzelli and Morris [30]), which
states that the Stokes flow has the minimum dissipated
power compared to any other flow that satisfies the same
boundary condition on velocity. In our derivation, we
compare the dissipation in the flow with the perfect-slip
boundary with that in a flow with any other slip veloc-
ity. We consider the motion of a passive perfect-slip body
with tangential slip velocity vsPS and rigid-body motion
VPS = [VPS ΩPS]. By definition, the tangential com-
ponent of the traction in such a motion is zero, namely
f
‖
PS = (I − nn) · fPS = 0. Any tangential perturbation
in the slip profile of this motion (denoted by ′) alters the
viscous dissipated power by
∆P = 2µ
∫
V
dV [(E′ +EPS) : (E′ +EPS)−EPS : EPS]
= 2µ
∫
V
dVE′ : E′ + 4µ
∫
V
dVE′ : EPS, (4)
where ∆P is the change in the dissipation due to the per-
turbation in the slip profile, E′ and EPS are the strain-
rate tensors for the perturbation and perfect-slip body
flows, and V is the fluid volume surrounding the body.
Since both E′ and EPS are traceless symmetric tensors,
and ∇ · v′ = 0, we have 2µE′ : EPS = ∇v′ : σPS,
where σPS = −pPSI + 2µEPS is the stress field for the
perfect-slip flow and pPS is the corresponding pressure
field. Using ∇ · σPS = 0, one obtains ∇v′ : σPS =
∇ · (v′ · σPS). Thence, by using the divergence theo-
rem, we find 4µ
∫
V dVE
′ : EPS = −2
∫
S dSfPS · v′ = 0
(since f
‖
PS = 0 and n · v′ = 0). Now, noting that
2µ
∫
V dVE
′ : E′ is positive-definite, we can conclude that
the minimum dissipated power can be only achieved when
E′ = 0, thereby indicating that the optimal slip velocity
profile is that of a perfect-slip body. We can alternatively
state that the dissipation of any motion with rigid-body
velocity VPS is more than (or equal to) that of a perfect-
slip body. For a perfect-slip body, the dissipated power
is found PPS = −
∫
S dSfPS ·vPS = VPS ·RPS ·VPS. Thus,
we have proven
P ≥ V · RPS · V, (5)
where P is the dissipated power in any flow with rigid-
body motion V. We note that there is an interesting
difference between the implications of the Helmholtz the-
orem for no-slip and perfect-slip bodies. For no-slip bod-
ies, the Helmholtz theorem implies that adding extra
volume to the body, such that the old shape is fully
contained in the new one, will always increase its drag
coefficient [31]. This is because the flow around the en-
larged body can be viewed as a non-optimal solution to
the original problem. For perfect-slip bodies, however,
no such statement is possible. For example, a perfect-
slip spheroid reduces its drag coefficient upon elongation
in the direction of motion while keeping the equatorial
radius constant [32].
3V NS
<latexit sha1_base64="qBYCunkjOgdkPzWZuMDLfDrLOKY=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXBjatS0T6gDWEymbRDJ5MwcyOWEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HxakktE1iHsuejxXlTNA2MOC0l0iKI5/Trj++KvzuPZWKxeIOJgl1IzwULGQEg5Y883DgxzxQk0h/WSf3BkAfIGve5p5Zs+v2FNYicUpSQyVanvk1CGKSRlQA4VipvmMn4GZYAiOc5tVBqmiCyRgPaV9TgSOq3Gx6QW6daCWwwljqJ8Caqr87MhypYkldGWEYqXmvEP/z+imEl27GRJICFWQ2KEy5BbFVxGEFTFICfKIJJpLpXS0ywhIT0KFVdQjO/MmLpHNWd+y6c3NeazTLOCroCB2jU+SgC9RA16iF2oigR/SMXtGb8WS8GO/Gx6x0ySh7DtAfGJ8/kb+XoQ==</latexit><latexit sha1_base64="qBYCunkjOgdkPzWZuMDLfDrLOKY=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXBjatS0T6gDWEymbRDJ5MwcyOWEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HxakktE1iHsuejxXlTNA2MOC0l0iKI5/Trj++KvzuPZWKxeIOJgl1IzwULGQEg5Y883DgxzxQk0h/WSf3BkAfIGve5p5Zs+v2FNYicUpSQyVanvk1CGKSRlQA4VipvmMn4GZYAiOc5tVBqmiCyRgPaV9TgSOq3Gx6QW6daCWwwljqJ8Caqr87MhypYkldGWEYqXmvEP/z+imEl27GRJICFWQ2KEy5BbFVxGEFTFICfKIJJpLpXS0ywhIT0KFVdQjO/MmLpHNWd+y6c3NeazTLOCroCB2jU+SgC9RA16iF2oigR/SMXtGb8WS8GO/Gx6x0ySh7DtAfGJ8/kb+XoQ==</latexit><latexit sha1_base64="qBYCunkjOgdkPzWZuMDLfDrLOKY=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXBjatS0T6gDWEymbRDJ5MwcyOWEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HxakktE1iHsuejxXlTNA2MOC0l0iKI5/Trj++KvzuPZWKxeIOJgl1IzwULGQEg5Y883DgxzxQk0h/WSf3BkAfIGve5p5Zs+v2FNYicUpSQyVanvk1CGKSRlQA4VipvmMn4GZYAiOc5tVBqmiCyRgPaV9TgSOq3Gx6QW6daCWwwljqJ8Caqr87MhypYkldGWEYqXmvEP/z+imEl27GRJICFWQ2KEy5BbFVxGEFTFICfKIJJpLpXS0ywhIT0KFVdQjO/MmLpHNWd+y6c3NeazTLOCroCB2jU+SgC9RA16iF2oigR/SMXtGb8WS8GO/Gx6x0ySh7DtAfGJ8/kb+XoQ==</latexit><latexit sha1_base64="qBYCunkjOgdkPzWZuMDLfDrLOKY=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXBjatS0T6gDWEymbRDJ5MwcyOWEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HxakktE1iHsuejxXlTNA2MOC0l0iKI5/Trj++KvzuPZWKxeIOJgl1IzwULGQEg5Y883DgxzxQk0h/WSf3BkAfIGve5p5Zs+v2FNYicUpSQyVanvk1CGKSRlQA4VipvmMn4GZYAiOc5tVBqmiCyRgPaV9TgSOq3Gx6QW6daCWwwljqJ8Caqr87MhypYkldGWEYqXmvEP/z+imEl27GRJICFWQ2KEy5BbFVxGEFTFICfKIJJpLpXS0ywhIT0KFVdQjO/MmLpHNWd+y6c3NeazTLOCroCB2jU+SgC9RA16iF2oigR/SMXtGb8WS8GO/Gx6x0ySh7DtAfGJ8/kb+XoQ==</latexit>
V PS
<latexit sha1_base64="5UZhlnLQeL2htSuiJ74Up7wIw4s=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoigi4LblxJRfuANoTJZNIOnWTCzI1YQtz4K25cKOLWv3Dn3zhps9DWA8MczrmXe+/xE84U2Pa3UVlaXlldq67XNja3tnfM3b2OEqkktE0EF7LnY0U5i2kbGHDaSyTFkc9p1x9fFn73nkrFRHwHk4S6ER7GLGQEg5Y882DgCx6oSaS/rJN7A6APkLVuc8+s2w17CmuROCWpoxItz/waBIKkEY2BcKxU37ETcDMsgRFO89ogVTTBZIyHtK9pjCOq3Gx6QW4dayWwQiH1i8Gaqr87MhypYkldGWEYqXmvEP/z+imEF27G4iQFGpPZoDDlFgiriMMKmKQE+EQTTCTTu1pkhCUmoEOr6RCc+ZMXSee04dgN5+as3rwu46iiQ3SETpCDzlETXaEWaiOCHtEzekVvxpPxYrwbH7PSilH27KM/MD5/AJTLl6M=</latexit><latexit sha1_base64="5UZhlnLQeL2htSuiJ74Up7wIw4s=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoigi4LblxJRfuANoTJZNIOnWTCzI1YQtz4K25cKOLWv3Dn3zhps9DWA8MczrmXe+/xE84U2Pa3UVlaXlldq67XNja3tnfM3b2OEqkktE0EF7LnY0U5i2kbGHDaSyTFkc9p1x9fFn73nkrFRHwHk4S6ER7GLGQEg5Y882DgCx6oSaS/rJN7A6APkLVuc8+s2w17CmuROCWpoxItz/waBIKkEY2BcKxU37ETcDMsgRFO89ogVTTBZIyHtK9pjCOq3Gx6QW4dayWwQiH1i8Gaqr87MhypYkldGWEYqXmvEP/z+imEF27G4iQFGpPZoDDlFgiriMMKmKQE+EQTTCTTu1pkhCUmoEOr6RCc+ZMXSee04dgN5+as3rwu46iiQ3SETpCDzlETXaEWaiOCHtEzekVvxpPxYrwbH7PSilH27KM/MD5/AJTLl6M=</latexit><latexit sha1_base64="5UZhlnLQeL2htSuiJ74Up7wIw4s=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoigi4LblxJRfuANoTJZNIOnWTCzI1YQtz4K25cKOLWv3Dn3zhps9DWA8MczrmXe+/xE84U2Pa3UVlaXlldq67XNja3tnfM3b2OEqkktE0EF7LnY0U5i2kbGHDaSyTFkc9p1x9fFn73nkrFRHwHk4S6ER7GLGQEg5Y882DgCx6oSaS/rJN7A6APkLVuc8+s2w17CmuROCWpoxItz/waBIKkEY2BcKxU37ETcDMsgRFO89ogVTTBZIyHtK9pjCOq3Gx6QW4dayWwQiH1i8Gaqr87MhypYkldGWEYqXmvEP/z+imEF27G4iQFGpPZoDDlFgiriMMKmKQE+EQTTCTTu1pkhCUmoEOr6RCc+ZMXSee04dgN5+as3rwu46iiQ3SETpCDzlETXaEWaiOCHtEzekVvxpPxYrwbH7PSilH27KM/MD5/AJTLl6M=</latexit><latexit sha1_base64="5UZhlnLQeL2htSuiJ74Up7wIw4s=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoigi4LblxJRfuANoTJZNIOnWTCzI1YQtz4K25cKOLWv3Dn3zhps9DWA8MczrmXe+/xE84U2Pa3UVlaXlldq67XNja3tnfM3b2OEqkktE0EF7LnY0U5i2kbGHDaSyTFkc9p1x9fFn73nkrFRHwHk4S6ER7GLGQEg5Y882DgCx6oSaS/rJN7A6APkLVuc8+s2w17CmuROCWpoxItz/waBIKkEY2BcKxU37ETcDMsgRFO89ogVTTBZIyHtK9pjCOq3Gx6QW4dayWwQiH1i8Gaqr87MhypYkldGWEYqXmvEP/z+imEF27G4iQFGpPZoDDlFgiriMMKmKQE+EQTTCTTu1pkhCUmoEOr6RCc+ZMXSee04dgN5+as3rwu46iiQ3SETpCDzlETXaEWaiOCHtEzekVvxpPxYrwbH7PSilH27KM/MD5/AJTLl6M=</latexit>
V A
<latexit sha1_base64="Pgp9e10jZWrVGld1fVHpROxAE8E=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJRNBjxYsnqWBroQlhs9m0SzfZsDsRS8jFv+LFgyJe/Rne/Ddu2hy09cGyj/dmmJkXpJwpsO1vo7a0vLK6Vl9vbGxube+Yu3s9JTJJaJcILmQ/wIpyltAuMOC0n0qK44DT+2B8Vfr3D1QqJpI7mKTUi/EwYREjGLTkmwduIHioJrH+8l7hu0AfIb8sfLNpt+wprEXiVKSJKnR888sNBclimgDhWKmBY6fg5VgCI5wWDTdTNMVkjId0oGmCY6q8fHpAYR1rJbQiIfVLwJqqvztyHKtyR10ZYxipea8U//MGGUQXXs6SNAOakNmgKOMWCKtMwwqZpAT4RBNMJNO7WmSEJSagM2voEJz5kxdJ77Tl2C3n9qzZvqniqKNDdIROkIPOURtdow7qIoIK9Ixe0ZvxZLwY78bHrLRmVD376A+Mzx/Rd5c3</latexit><latexit sha1_base64="Pgp9e10jZWrVGld1fVHpROxAE8E=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJRNBjxYsnqWBroQlhs9m0SzfZsDsRS8jFv+LFgyJe/Rne/Ddu2hy09cGyj/dmmJkXpJwpsO1vo7a0vLK6Vl9vbGxube+Yu3s9JTJJaJcILmQ/wIpyltAuMOC0n0qK44DT+2B8Vfr3D1QqJpI7mKTUi/EwYREjGLTkmwduIHioJrH+8l7hu0AfIb8sfLNpt+wprEXiVKSJKnR888sNBclimgDhWKmBY6fg5VgCI5wWDTdTNMVkjId0oGmCY6q8fHpAYR1rJbQiIfVLwJqqvztyHKtyR10ZYxipea8U//MGGUQXXs6SNAOakNmgKOMWCKtMwwqZpAT4RBNMJNO7WmSEJSagM2voEJz5kxdJ77Tl2C3n9qzZvqniqKNDdIROkIPOURtdow7qIoIK9Ixe0ZvxZLwY78bHrLRmVD376A+Mzx/Rd5c3</latexit><latexit sha1_base64="Pgp9e10jZWrVGld1fVHpROxAE8E=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJRNBjxYsnqWBroQlhs9m0SzfZsDsRS8jFv+LFgyJe/Rne/Ddu2hy09cGyj/dmmJkXpJwpsO1vo7a0vLK6Vl9vbGxube+Yu3s9JTJJaJcILmQ/wIpyltAuMOC0n0qK44DT+2B8Vfr3D1QqJpI7mKTUi/EwYREjGLTkmwduIHioJrH+8l7hu0AfIb8sfLNpt+wprEXiVKSJKnR888sNBclimgDhWKmBY6fg5VgCI5wWDTdTNMVkjId0oGmCY6q8fHpAYR1rJbQiIfVLwJqqvztyHKtyR10ZYxipea8U//MGGUQXXs6SNAOakNmgKOMWCKtMwwqZpAT4RBNMJNO7WmSEJSagM2voEJz5kxdJ77Tl2C3n9qzZvqniqKNDdIROkIPOURtdow7qIoIK9Ixe0ZvxZLwY78bHrLRmVD376A+Mzx/Rd5c3</latexit><latexit sha1_base64="Pgp9e10jZWrVGld1fVHpROxAE8E=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJRNBjxYsnqWBroQlhs9m0SzfZsDsRS8jFv+LFgyJe/Rne/Ddu2hy09cGyj/dmmJkXpJwpsO1vo7a0vLK6Vl9vbGxube+Yu3s9JTJJaJcILmQ/wIpyltAuMOC0n0qK44DT+2B8Vfr3D1QqJpI7mKTUi/EwYREjGLTkmwduIHioJrH+8l7hu0AfIb8sfLNpt+wprEXiVKSJKnR888sNBclimgDhWKmBY6fg5VgCI5wWDTdTNMVkjId0oGmCY6q8fHpAYR1rJbQiIfVLwJqqvztyHKtyR10ZYxipea8U//MGGUQXXs6SNAOakNmgKOMWCKtMwwqZpAT4RBNMJNO7WmSEJSagM2voEJz5kxdJ77Tl2C3n9qzZvqniqKNDdIROkIPOURtdow7qIoIK9Ixe0ZvxZLwY78bHrLRmVD376A+Mzx/Rd5c3</latexit>
Perfect slip
<latexit sha1_base64="NMVigUq1ZTbPwBQrSf0ZfTsyBaM=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh4DXjxJBPOAZAmzk95kyOyDmV5xWeKvePGgiFc/xJt/4yTZgyYWNBRV3XR3+YkUGh3n2yqtrW9sbpW3Kzu7e/sH9uFRW8ep4tDisYxV12capIighQIldBMFLPQldPzJ9czvPIDSIo7uMUvAC9koEoHgDI00sKt9hEfMm6AC4Ei1FMl0YNecujMHXSVuQWqkQHNgf/WHMU9DiJBLpnXPdRL0cqZQcAnTSj/VkDA+YSPoGRqxELSXz4+f0lOjDGkQK1MR0rn6eyJnodZZ6JvOkOFYL3sz8T+vl2Jw5eUiSlKEiC8WBamkGNNZEnQolHlZZoYwroS5lfIxU4yjyatiQnCXX14l7fO669Tdu4ta47aIo0yOyQk5Iy65JA1yQ5qkRTjJyDN5JW/Wk/VivVsfi9aSVcxUyR9Ynz9B7JUv</latexit><latexit sha1_base64="NMVigUq1ZTbPwBQrSf0ZfTsyBaM=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh4DXjxJBPOAZAmzk95kyOyDmV5xWeKvePGgiFc/xJt/4yTZgyYWNBRV3XR3+YkUGh3n2yqtrW9sbpW3Kzu7e/sH9uFRW8ep4tDisYxV12capIighQIldBMFLPQldPzJ9czvPIDSIo7uMUvAC9koEoHgDI00sKt9hEfMm6AC4Ei1FMl0YNecujMHXSVuQWqkQHNgf/WHMU9DiJBLpnXPdRL0cqZQcAnTSj/VkDA+YSPoGRqxELSXz4+f0lOjDGkQK1MR0rn6eyJnodZZ6JvOkOFYL3sz8T+vl2Jw5eUiSlKEiC8WBamkGNNZEnQolHlZZoYwroS5lfIxU4yjyatiQnCXX14l7fO669Tdu4ta47aIo0yOyQk5Iy65JA1yQ5qkRTjJyDN5JW/Wk/VivVsfi9aSVcxUyR9Ynz9B7JUv</latexit><latexit sha1_base64="NMVigUq1ZTbPwBQrSf0ZfTsyBaM=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh4DXjxJBPOAZAmzk95kyOyDmV5xWeKvePGgiFc/xJt/4yTZgyYWNBRV3XR3+YkUGh3n2yqtrW9sbpW3Kzu7e/sH9uFRW8ep4tDisYxV12capIighQIldBMFLPQldPzJ9czvPIDSIo7uMUvAC9koEoHgDI00sKt9hEfMm6AC4Ei1FMl0YNecujMHXSVuQWqkQHNgf/WHMU9DiJBLpnXPdRL0cqZQcAnTSj/VkDA+YSPoGRqxELSXz4+f0lOjDGkQK1MR0rn6eyJnodZZ6JvOkOFYL3sz8T+vl2Jw5eUiSlKEiC8WBamkGNNZEnQolHlZZoYwroS5lfIxU4yjyatiQnCXX14l7fO669Tdu4ta47aIo0yOyQk5Iy65JA1yQ5qkRTjJyDN5JW/Wk/VivVsfi9aSVcxUyR9Ynz9B7JUv</latexit><latexit sha1_base64="NMVigUq1ZTbPwBQrSf0ZfTsyBaM=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh4DXjxJBPOAZAmzk95kyOyDmV5xWeKvePGgiFc/xJt/4yTZgyYWNBRV3XR3+YkUGh3n2yqtrW9sbpW3Kzu7e/sH9uFRW8ep4tDisYxV12capIighQIldBMFLPQldPzJ9czvPIDSIo7uMUvAC9koEoHgDI00sKt9hEfMm6AC4Ei1FMl0YNecujMHXSVuQWqkQHNgf/WHMU9DiJBLpnXPdRL0cqZQcAnTSj/VkDA+YSPoGRqxELSXz4+f0lOjDGkQK1MR0rn6eyJnodZZ6JvOkOFYL3sz8T+vl2Jw5eUiSlKEiC8WBamkGNNZEnQolHlZZoYwroS5lfIxU4yjyatiQnCXX14l7fO669Tdu4ta47aIo0yOyQk5Iy65JA1yQ5qkRTjJyDN5JW/Wk/VivVsfi9aSVcxUyR9Ynz9B7JUv</latexit>
No slip
<latexit sha1_base64="gRkKzDZ2SWVECZKInLwuI22CyBk=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix48VQq2A9oY9lsJ+3SzSbsTtQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0PfVbD6CNiNUdjhPwIzZQIhScoZXuuwhPmNViaqRIJr1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx29YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/EypJERSfLwpTSTGm0whoX2jgKMeWMK6FvZXyIdOMow2qaEPwFl9eJs3ziudWvNuLcrWWx1Egx+SEnBGPXJIquSF10iCcaPJMXsmb8+i8OO/Ox7x1xclnjsgfOJ8/1TCSwA==</latexit><latexit sha1_base64="gRkKzDZ2SWVECZKInLwuI22CyBk=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix48VQq2A9oY9lsJ+3SzSbsTtQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0PfVbD6CNiNUdjhPwIzZQIhScoZXuuwhPmNViaqRIJr1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx29YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/EypJERSfLwpTSTGm0whoX2jgKMeWMK6FvZXyIdOMow2qaEPwFl9eJs3ziudWvNuLcrWWx1Egx+SEnBGPXJIquSF10iCcaPJMXsmb8+i8OO/Ox7x1xclnjsgfOJ8/1TCSwA==</latexit><latexit sha1_base64="gRkKzDZ2SWVECZKInLwuI22CyBk=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix48VQq2A9oY9lsJ+3SzSbsTtQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0PfVbD6CNiNUdjhPwIzZQIhScoZXuuwhPmNViaqRIJr1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx29YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/EypJERSfLwpTSTGm0whoX2jgKMeWMK6FvZXyIdOMow2qaEPwFl9eJs3ziudWvNuLcrWWx1Egx+SEnBGPXJIquSF10iCcaPJMXsmb8+i8OO/Ox7x1xclnjsgfOJ8/1TCSwA==</latexit><latexit sha1_base64="gRkKzDZ2SWVECZKInLwuI22CyBk=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix48VQq2A9oY9lsJ+3SzSbsTtQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0PfVbD6CNiNUdjhPwIzZQIhScoZXuuwhPmNViaqRIJr1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx29YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/EypJERSfLwpTSTGm0whoX2jgKMeWMK6FvZXyIdOMow2qaEPwFl9eJs3ziudWvNuLcrWWx1Egx+SEnBGPXJIquSF10iCcaPJMXsmb8+i8OO/Ox7x1xclnjsgfOJ8/1TCSwA==</latexit>
f
∥
NS
f
k
A<latexit sha1_base64="dDnbmhcZAduCvHck/yxF+DMl2zM=">AAACCnicbVDLSsNAFJ34rPVVdekmWgRXJRFBlxU3rqSCfUBTw2Ry0w6dTMLMjVhC1278FTcuFHHrF7jzb5w+Ftp6YJjDOfdy7z1BKrhGx/m2FhaXlldWC2vF9Y3Nre3Szm5DJ5liUGeJSFQroBoEl1BHjgJaqQIaBwKaQf9y5DfvQWmeyFscpNCJaVfyiDOKRvJLB16QiFAPYvPl0dD3EB4wvxjeeSlVVAgQfqnsVJwx7HniTkmZTFHzS19emLAsBolMUK3brpNiJ6cKORMwLHqZhpSyPu1C21BJY9CdfHzK0D4ySmhHiTJPoj1Wf3fkNNajbU1lTLGnZ72R+J/XzjA67+RcphmCZJNBUSZsTOxRLnbIFTAUA0MoU9zsarOeiYChSa9oQnBnT54njZOK61Tcm9Ny9XoaR4Hsk0NyTFxyRqrkitRInTDySJ7JK3mznqwX6936mJQuWNOePfIH1ucP7AKbsg==</latexit><latexit sha1_base64="dDnbmhcZAduCvHck/yxF+DMl2zM=">AAACCnicbVDLSsNAFJ34rPVVdekmWgRXJRFBlxU3rqSCfUBTw2Ry0w6dTMLMjVhC1278FTcuFHHrF7jzb5w+Ftp6YJjDOfdy7z1BKrhGx/m2FhaXlldWC2vF9Y3Nre3Szm5DJ5liUGeJSFQroBoEl1BHjgJaqQIaBwKaQf9y5DfvQWmeyFscpNCJaVfyiDOKRvJLB16QiFAPYvPl0dD3EB4wvxjeeSlVVAgQfqnsVJwx7HniTkmZTFHzS19emLAsBolMUK3brpNiJ6cKORMwLHqZhpSyPu1C21BJY9CdfHzK0D4ySmhHiTJPoj1Wf3fkNNajbU1lTLGnZ72R+J/XzjA67+RcphmCZJNBUSZsTOxRLnbIFTAUA0MoU9zsarOeiYChSa9oQnBnT54njZOK61Tcm9Ny9XoaR4Hsk0NyTFxyRqrkitRInTDySJ7JK3mznqwX6936mJQuWNOePfIH1ucP7AKbsg==</latexit><latexit sha1_base64="dDnbmhcZAduCvHck/yxF+DMl2zM=">AAACCnicbVDLSsNAFJ34rPVVdekmWgRXJRFBlxU3rqSCfUBTw2Ry0w6dTMLMjVhC1278FTcuFHHrF7jzb5w+Ftp6YJjDOfdy7z1BKrhGx/m2FhaXlldWC2vF9Y3Nre3Szm5DJ5liUGeJSFQroBoEl1BHjgJaqQIaBwKaQf9y5DfvQWmeyFscpNCJaVfyiDOKRvJLB16QiFAPYvPl0dD3EB4wvxjeeSlVVAgQfqnsVJwx7HniTkmZTFHzS19emLAsBolMUK3brpNiJ6cKORMwLHqZhpSyPu1C21BJY9CdfHzK0D4ySmhHiTJPoj1Wf3fkNNajbU1lTLGnZ72R+J/XzjA67+RcphmCZJNBUSZsTOxRLnbIFTAUA0MoU9zsarOeiYChSa9oQnBnT54njZOK61Tcm9Ny9XoaR4Hsk0NyTFxyRqrkitRInTDySJ7JK3mznqwX6936mJQuWNOePfIH1ucP7AKbsg==</latexit><latexit sha1_base64="dDnbmhcZAduCvHck/yxF+DMl2zM=">AAACCnicbVDLSsNAFJ34rPVVdekmWgRXJRFBlxU3rqSCfUBTw2Ry0w6dTMLMjVhC1278FTcuFHHrF7jzb5w+Ftp6YJjDOfdy7z1BKrhGx/m2FhaXlldWC2vF9Y3Nre3Szm5DJ5liUGeJSFQroBoEl1BHjgJaqQIaBwKaQf9y5DfvQWmeyFscpNCJaVfyiDOKRvJLB16QiFAPYvPl0dD3EB4wvxjeeSlVVAgQfqnsVJwx7HniTkmZTFHzS19emLAsBolMUK3brpNiJ6cKORMwLHqZhpSyPu1C21BJY9CdfHzK0D4ySmhHiTJPoj1Wf3fkNNajbU1lTLGnZ72R+J/XzjA67+RcphmCZJNBUSZsTOxRLnbIFTAUA0MoU9zsarOeiYChSa9oQnBnT54njZOK61Tcm9Ny9XoaR4Hsk0NyTFxyRqrkitRInTDySJ7JK3mznqwX6936mJQuWNOePfIH1ucP7AKbsg==</latexit>
Optimal swimmer
<latexit sha1_base64="QxeQV93rrOKYk4W4D48e4pSnWGs=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXBD0GvHjSCOYByRJmJ73JkJndZaZXDWsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7goSKQy67rezsLi0vLKaW8uvb2xubRd2dmsmTjWHKo9lrBsBMyBFBFUUKKGRaGAqkFAP+hcjv34H2og4usVBAr5i3UiEgjO0Uruw30J4wOw6QaGYpOZeKAV62C4U3ZI7Bp0n3pQUyRSVduGr1Yl5qiBCLpkxTc9N0M+YRsElDPOt1EDCeJ91oWlpxBQYPxvfP6RHVunQMNa2IqRj9fdExpQxAxXYTsWwZ2a9kfif10wxPPczESUpQsQni8JUUozpKAzaERo4yoEljGthb6W8xzTjaCPL2xC82ZfnSe2k5Lkl7+a0WL6axpEjB+SQHBOPnJEyuSQVUiWcPJJn8krenCfnxXl3PiatC850Zo/8gfP5A9WelqY=</latexit><latexit sha1_base64="QxeQV93rrOKYk4W4D48e4pSnWGs=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXBD0GvHjSCOYByRJmJ73JkJndZaZXDWsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7goSKQy67rezsLi0vLKaW8uvb2xubRd2dmsmTjWHKo9lrBsBMyBFBFUUKKGRaGAqkFAP+hcjv34H2og4usVBAr5i3UiEgjO0Uruw30J4wOw6QaGYpOZeKAV62C4U3ZI7Bp0n3pQUyRSVduGr1Yl5qiBCLpkxTc9N0M+YRsElDPOt1EDCeJ91oWlpxBQYPxvfP6RHVunQMNa2IqRj9fdExpQxAxXYTsWwZ2a9kfif10wxPPczESUpQsQni8JUUozpKAzaERo4yoEljGthb6W8xzTjaCPL2xC82ZfnSe2k5Lkl7+a0WL6axpEjB+SQHBOPnJEyuSQVUiWcPJJn8krenCfnxXl3PiatC850Zo/8gfP5A9WelqY=</latexit><latexit sha1_base64="QxeQV93rrOKYk4W4D48e4pSnWGs=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXBD0GvHjSCOYByRJmJ73JkJndZaZXDWsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7goSKQy67rezsLi0vLKaW8uvb2xubRd2dmsmTjWHKo9lrBsBMyBFBFUUKKGRaGAqkFAP+hcjv34H2og4usVBAr5i3UiEgjO0Uruw30J4wOw6QaGYpOZeKAV62C4U3ZI7Bp0n3pQUyRSVduGr1Yl5qiBCLpkxTc9N0M+YRsElDPOt1EDCeJ91oWlpxBQYPxvfP6RHVunQMNa2IqRj9fdExpQxAxXYTsWwZ2a9kfif10wxPPczESUpQsQni8JUUozpKAzaERo4yoEljGthb6W8xzTjaCPL2xC82ZfnSe2k5Lkl7+a0WL6axpEjB+SQHBOPnJEyuSQVUiWcPJJn8krenCfnxXl3PiatC850Zo/8gfP5A9WelqY=</latexit><latexit sha1_base64="QxeQV93rrOKYk4W4D48e4pSnWGs=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXBD0GvHjSCOYByRJmJ73JkJndZaZXDWsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7goSKQy67rezsLi0vLKaW8uvb2xubRd2dmsmTjWHKo9lrBsBMyBFBFUUKKGRaGAqkFAP+hcjv34H2og4usVBAr5i3UiEgjO0Uruw30J4wOw6QaGYpOZeKAV62C4U3ZI7Bp0n3pQUyRSVduGr1Yl5qiBCLpkxTc9N0M+YRsElDPOt1EDCeJ91oWlpxBQYPxvfP6RHVunQMNa2IqRj9fdExpQxAxXYTsWwZ2a9kfif10wxPPczESUpQsQni8JUUozpKAzaERo4yoEljGthb6W8xzTjaCPL2xC82ZfnSe2k5Lkl7+a0WL6axpEjB+SQHBOPnJEyuSQVUiWcPJJn8krenCfnxXl3PiatC850Zo/8gfP5A9WelqY=</latexit>
z/a
<latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit>
0
<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>
−2
<latexit sha1_base64="J5Lin06ZUUGSAZU92m573igxyYk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh4LXjxJFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPVzU+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbRqVc+teveXlfpdHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gDpAoz5</latexit><latexit sha1_base64="J5Lin06ZUUGSAZU92m573igxyYk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh4LXjxJFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPVzU+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbRqVc+teveXlfpdHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gDpAoz5</latexit><latexit sha1_base64="J5Lin06ZUUGSAZU92m573igxyYk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh4LXjxJFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPVzU+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbRqVc+teveXlfpdHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gDpAoz5</latexit><latexit sha1_base64="J5Lin06ZUUGSAZU92m573igxyYk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh4LXjxJFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPVzU+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbRqVc+teveXlfpdHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gDpAoz5</latexit>
2
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<latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit><latexit sha1_base64="0Hxd2H/K9uzaYl+YjH3oM7BMi2c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPBiyepaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T+d0V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5XvXcqnd3Uand5nEU4QiO4RQ8uIQa3EAdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcSKI2u</latexit>
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<latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit>
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<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>
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0
<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>
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<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>
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<latexit sha1_base64="I0UtLC+tUFF5Ht6rPPRxtt75jU4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjct+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xlWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fgUGMww==</latexit><latexit sha1_base64="I0UtLC+tUFF5Ht6rPPRxtt75jU4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjct+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xlWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fgUGMww==</latexit><latexit sha1_base64="I0UtLC+tUFF5Ht6rPPRxtt75jU4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjct+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xlWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fgUGMww==</latexit><latexit sha1_base64="I0UtLC+tUFF5Ht6rPPRxtt75jU4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjct+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xlWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fgUGMww==</latexit>
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<latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit><latexit sha1_base64="ondH/kmCL9y3MgH9yZ54OS7n9pU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY8FL56kiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHs4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vK7W7PI4iHMExnIIHV1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHqhoz6</latexit>
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<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>
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<latexit sha1_base64="6xQ9U3u11R+yp8Df8xfj7y1/TJE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9ze StiYKsqMzaZkQ/BWX14n7VrVc6te86pSv8/jKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPf72Mwg==</latexit><latexit sha1_base64="6xQ9U3u11R+yp8Df8xfj7y1/TJE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9ze StiYKsqMzaZkQ/BWX14n7VrVc6te86pSv8/jKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPf72Mwg==</latexit><latexit sha1_base64="6xQ9U3u11R+yp8Df8xfj7y1/TJE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9ze StiYKsqMzaZkQ/BWX14n7VrVc6te86pSv8/jKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPf72Mwg==</latexit><latexit sha1_base64="6xQ9U3u11R+yp8Df8xfj7y1/TJE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9ze StiYKsqMzaZkQ/BWX14n7VrVc6te86pSv8/jKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPf72Mwg==</latexit>
1
<latexit sha1_base64="Lnf5YgjpyCpQEQtEVwmjJxSmlYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfjmMwQ==</latexit><latexit sha1_base64="Lnf5YgjpyCpQEQtEVwmjJxSmlYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfjmMwQ==</latexit><latexit sha1_base64="Lnf5YgjpyCpQEQtEVwmjJxSmlYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfjmMwQ==</latexit><latexit sha1_base64="Lnf5YgjpyCpQEQtEVwmjJxSmlYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjE luFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5v JWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfjmMwQ==</latexit>
0
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1.
1.
2.
(a)
<latexit sha1_base6 4="hzXZtKr7OdfXeCbC5b9avUcP/So=">AAAB8XicbVDLSgNBEOyNrxhfUY 9eBoMQL2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HD SxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUc CkUb6BAyduJ5jQKJG8Fo5u p33rg2ohY3eE44X5EB0qEglG00n0X+SNmZXo+6RVLbsWdgawSb0FKsECtV/ zq9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhL G2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nf aE5Qzm2hDIt7K2EDammDG1 IBRuCt/zyKmleVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xn lx3p2PeWvOWUR4DH/gfP4AeT+ROA==</latexit><latexit sha1_base6 4="hzXZtKr7OdfXeCbC5b9avUcP/So=">AAAB8XicbVDLSgNBEOyNrxhfUY 9eBoMQL2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HD SxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUc CkUb6BAyduJ5jQKJG8Fo5u p33rg2ohY3eE44X5EB0qEglG00n0X+SNmZXo+6RVLbsWdgawSb0FKsECtV/ zq9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhL G2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nf aE5Qzm2hDIt7K2EDammDG1 IBRuCt/zyKmleVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xn lx3p2PeWvOWUR4DH/gfP4AeT+ROA==</latexit><latexit sha1_base6 4="hzXZtKr7OdfXeCbC5b9avUcP/So=">AAAB8XicbVDLSgNBEOyNrxhfUY 9eBoMQL2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HD SxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUc CkUb6BAyduJ5jQKJG8Fo5u p33rg2ohY3eE44X5EB0qEglG00n0X+SNmZXo+6RVLbsWdgawSb0FKsECtV/ zq9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhL G2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nf aE5Qzm2hDIt7K2EDammDG1 IBRuCt/zyKmleVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xn lx3p2PeWvOWUR4DH/gfP4AeT+ROA==</latexit><latexit sha1_base6 4="hzXZtKr7OdfXeCbC5b9avUcP/So=">AAAB8XicbVDLSgNBEOyNrxhfUY 9eBoMQL2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HD SxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUc CkUb6BAyduJ5jQKJG8Fo5u p33rg2ohY3eE44X5EB0qEglG00n0X+SNmZXo+6RVLbsWdgawSb0FKsECtV/ zq9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhL G2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nf aE5Qzm2hDIt7K2EDammDG1 IBRuCt/zyKmleVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xn lx3p2PeWvOWUR4DH/gfP4AeT+ROA==</latexit>
(b)
<late xit sha1_base64="7cjJUEvK4xEVhdptVACMBR1 fqD8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL 2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48 KOLVv/Hm3zh5HDSxoKGo6qa7K0ikMOi6305ubX1j cyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAy duJ5jQKJG8Fo5up33rg2ohY3eE44X5EB0qEglG00 n0X+SNm5eB80iuW3Io7A1kl3oKUYIFar/jV7ccsj bhCJqkxHc9N0M+oRsEknxS6qeEJZSM64B1LFY24 8bPZxRNyZpU+CWNtSyGZqb8nMhoZM44C2xlRHJpl byr+53VSDK/9TKgkRa7YfFGYSoIxmb5P+kJzhnJsC WVa2FsJG1JNGdqQCjYEb/nlVdK8qHhuxatflqr1p 3kceTiBUyiDB1dQhVuoQQMYKHiGV3hzjPPivDsf8 9acs4jwGP7A+fwBesWROQ==</latexit><late xit sha1_base64="7cjJUEvK4xEVhdptVACMBR1 fqD8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL 2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48 KOLVv/Hm3zh5HDSxoKGo6qa7K0ikMOi6305ubX1j cyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAy duJ5jQKJG8Fo5up33rg2ohY3eE44X5EB0qEglG00 n0X+SNm5eB80iuW3Io7A1kl3oKUYIFar/jV7ccsj bhCJqkxHc9N0M+oRsEknxS6qeEJZSM64B1LFY24 8bPZxRNyZpU+CWNtSyGZqb8nMhoZM44C2xlRHJpl byr+53VSDK/9TKgkRa7YfFGYSoIxmb5P+kJzhnJsC WVa2FsJG1JNGdqQCjYEb/nlVdK8qHhuxatflqr1p 3kceTiBUyiDB1dQhVuoQQMYKHiGV3hzjPPivDsf8 9acs4jwGP7A+fwBesWROQ==</latexit><late xit sha1_base64="7cjJUEvK4xEVhdptVACMBR1 fqD8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL 2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48 KOLVv/Hm3zh5HDSxoKGo6qa7K0ikMOi6305ubX1j cyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAy duJ5jQKJG8Fo5up33rg2ohY3eE44X5EB0qEglG00 n0X+SNm5eB80iuW3Io7A1kl3oKUYIFar/jV7ccsj bhCJqkxHc9N0M+oRsEknxS6qeEJZSM64B1LFY24 8bPZxRNyZpU+CWNtSyGZqb8nMhoZM44C2xlRHJpl byr+53VSDK/9TKgkRa7YfFGYSoIxmb5P+kJzhnJsC WVa2FsJG1JNGdqQCjYEb/nlVdK8qHhuxatflqr1p 3kceTiBUyiDB1dQhVuoQQMYKHiGV3hzjPPivDsf8 9acs4jwGP7A+fwBesWROQ==</latexit><late xit sha1_base64="7cjJUEvK4xEVhdptVACMBR1 fqD8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL 2FXBD0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48 KOLVv/Hm3zh5HDSxoKGo6qa7K0ikMOi6305ubX1j cyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAy duJ5jQKJG8Fo5up33rg2ohY3eE44X5EB0qEglG00 n0X+SNm5eB80iuW3Io7A1kl3oKUYIFar/jV7ccsj bhCJqkxHc9N0M+oRsEknxS6qeEJZSM64B1LFY24 8bPZxRNyZpU+CWNtSyGZqb8nMhoZM44C2xlRHJpl byr+53VSDK/9TKgkRa7YfFGYSoIxmb5P+kJzhnJsC WVa2FsJG1JNGdqQCjYEb/nlVdK8qHhuxatflqr1p 3kceTiBUyiDB1dQhVuoQQMYKHiGV3hzjPPivDsf8 9acs4jwGP7A+fwBesWROQ==</latexit>
(c)
<latexit sha1_base64="Dlex+t0/ y3PVFiuFCmqVElYVqqg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXB D0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HDSxoKGo6qa7K 0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33rg2ohY3e E44X5EB0qEglG00n0X+SNmZXY+6RVLbsWdgawSb0FKsECtV/zq9mOWRlwhk 9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhLG2pZDM1N8TG Y2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKm leVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xnlx3p2PeWvOW UR4DH/gfP4AfEuROg==</latexit><latexit sha1_base64="Dlex+t0/ y3PVFiuFCmqVElYVqqg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXB D0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HDSxoKGo6qa7K 0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33rg2ohY3e E44X5EB0qEglG00n0X+SNmZXY+6RVLbsWdgawSb0FKsECtV/zq9mOWRlwhk 9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhLG2pZDM1N8TG Y2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKm leVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xnlx3p2PeWvOW UR4DH/gfP4AfEuROg==</latexit><latexit sha1_base64="Dlex+t0/ y3PVFiuFCmqVElYVqqg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXB D0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HDSxoKGo6qa7K 0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33rg2ohY3e E44X5EB0qEglG00n0X+SNmZXY+6RVLbsWdgawSb0FKsECtV/zq9mOWRlwhk 9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhLG2pZDM1N8TG Y2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKm leVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xnlx3p2PeWvOW UR4DH/gfP4AfEuROg==</latexit><latexit sha1_base64="Dlex+t0/ y3PVFiuFCmqVElYVqqg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXB D0GvHhMwDwwWcLsZDYZMju7zPSKYQn4EV48KOLVv/Hm3zh5HDSxoKGo6qa7K 0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33rg2ohY3e E44X5EB0qEglG00n0X+SNmZXY+6RVLbsWdgawSb0FKsECtV/zq9mOWRlwhk 9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns4gk5s0qfhLG2pZDM1N8TG Y2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKm leVDy34tUvS9X60zyOPJzAKZTBgyuowi3UoAEMFDzDK7w5xnlx3p2PeWvOW UR4DH/gfP4AfEuROg==</latexit>
vsPS
<latexit sha1_base64="foz8c8eBrC6eIkJeuz2aQrTuXLM=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4KokIuiy4cSUV7QOaGCaTSTt08mDmplhC1m78FTcuFHHrF7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbqywtr6yuVddrG5tb2zv67l5HxqkgtE1iHouehyXlLKJtYMBpLxEUhx6nXW90WfjdMRWSxdEdTBLqhHgQsYARDEpy9UPbi7kvJ6H6snHu2kAfIGvd5vczJnNXr5sNcwpjkVglqaMSLVf/sv2YpCGNgHAsZd8yE3AyLIARTvOanUqaYDLCA9pXNMIhlU42PSU3jpXiG0Es1IvAmKq/OzIcymJbVRliGMp5rxD/8/opBBdOxqIkBRqR2aAg5QbERpGL4TNBCfCJIpgIpnY1yBALTEClV1MhWPMnL5LOacMyG9bNWb15XcZRRQfoCJ0gC52jJrpCLdRGBD2iZ/SK3rQn7UV71z5mpRWt7NlHf6B9/gBukpwH</latexit><latexit sha1_base64="foz8c8eBrC6eIkJeuz2aQrTuXLM=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4KokIuiy4cSUV7QOaGCaTSTt08mDmplhC1m78FTcuFHHrF7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbqywtr6yuVddrG5tb2zv67l5HxqkgtE1iHouehyXlLKJtYMBpLxEUhx6nXW90WfjdMRWSxdEdTBLqhHgQsYARDEpy9UPbi7kvJ6H6snHu2kAfIGvd5vczJnNXr5sNcwpjkVglqaMSLVf/sv2YpCGNgHAsZd8yE3AyLIARTvOanUqaYDLCA9pXNMIhlU42PSU3jpXiG0Es1IvAmKq/OzIcymJbVRliGMp5rxD/8/opBBdOxqIkBRqR2aAg5QbERpGL4TNBCfCJIpgIpnY1yBALTEClV1MhWPMnL5LOacMyG9bNWb15XcZRRQfoCJ0gC52jJrpCLdRGBD2iZ/SK3rQn7UV71z5mpRWt7NlHf6B9/gBukpwH</latexit><latexit sha1_base64="foz8c8eBrC6eIkJeuz2aQrTuXLM=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4KokIuiy4cSUV7QOaGCaTSTt08mDmplhC1m78FTcuFHHrF7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbqywtr6yuVddrG5tb2zv67l5HxqkgtE1iHouehyXlLKJtYMBpLxEUhx6nXW90WfjdMRWSxdEdTBLqhHgQsYARDEpy9UPbi7kvJ6H6snHu2kAfIGvd5vczJnNXr5sNcwpjkVglqaMSLVf/sv2YpCGNgHAsZd8yE3AyLIARTvOanUqaYDLCA9pXNMIhlU42PSU3jpXiG0Es1IvAmKq/OzIcymJbVRliGMp5rxD/8/opBBdOxqIkBRqR2aAg5QbERpGL4TNBCfCJIpgIpnY1yBALTEClV1MhWPMnL5LOacMyG9bNWb15XcZRRQfoCJ0gC52jJrpCLdRGBD2iZ/SK3rQn7UV71z5mpRWt7NlHf6B9/gBukpwH</latexit><latexit sha1_base64="foz8c8eBrC6eIkJeuz2aQrTuXLM=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4KokIuiy4cSUV7QOaGCaTSTt08mDmplhC1m78FTcuFHHrF7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbqywtr6yuVddrG5tb2zv67l5HxqkgtE1iHouehyXlLKJtYMBpLxEUhx6nXW90WfjdMRWSxdEdTBLqhHgQsYARDEpy9UPbi7kvJ6H6snHu2kAfIGvd5vczJnNXr5sNcwpjkVglqaMSLVf/sv2YpCGNgHAsZd8yE3AyLIARTvOanUqaYDLCA9pXNMIhlU42PSU3jpXiG0Es1IvAmKq/OzIcymJbVRliGMp5rxD/8/opBBdOxqIkBRqR2aAg5QbERpGL4TNBCfCJIpgIpnY1yBALTEClV1MhWPMnL5LOacMyG9bNWb15XcZRRQfoCJ0gC52jJrpCLdRGBD2iZ/SK3rQn7UV71z5mpRWt7NlHf6B9/gBukpwH</latexit>
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FIG. 2. (a) Schematic of the superposition. A perfect-slip
body is represented as a superposition of the optimal ac-
tive swimmer and a no-slip body. The cyan-colored arrows
schematically show the velocity profile near the surface of the
swimmer (in the co-moving frame). Magenta-colored arrows
show the tangential traction force density. This superposition
is shown for two examples of (b) a sphere of radius a, and (c) a
prolate spheroid with aspect ratio b/a = 2. The white arrows
show the streamlines and the colors indicate the value of the
velocity scaled by the swimming speed of the active particle.
All the figures are in the co-moving Cartesian x-z frame set
at the center of the particle.
We now need to show how the inequality given in Eq.
(5) sets an absolute lower bound for the dissipated power
of an active swimmer of the same shape with velocity
VA. Let us consider the motion of a body that is a linear
superposition of an active swimmer with velocity VA and
a no-slip body of the same shape with velocity VNS. From
(5), we have a lower bound on the dissipated power in the
superposition system
PA+NS ≥ (VA + VNS) · RPS · (VA + VNS). (6)
On the other hand, the power can be directly expressed
as
PA+NS = −
∫
S
dS(fA + fNS) · vsA − FNS · (VA + VNS).
(7)
Now we can employ the Lorentz reciprocal theorem to
connect the active swimming problem to the no-slip one
[24, 33–37]. Since the flow field in the active problem is
force- and torque-free, we find
∫
S dSfNS ·vsA = −FNS ·VA,
which simplifies Eq. (7) to
PA+NS = PA − FNS · VNS, (8)
where PA and −FNS ·VNS represent the dissipated power
of the active and the no-slip particles, respectively. Thus,
for the superposition of a force- and torque-free active
particle and a no-slip body with arbitrary velocity, the
dissipation rate is the sum of the two corresponding in-
dividual dissipation rate contributions.
The lower bound on the dissipation rate—given by
Eq. (6)—is valid for any choice of velocities VA and VNS.
However, we know that the equality can only be ful-
filled when the superposition represents a flow around a
perfect-slip body and therefore choose the velocities such
that VPS = VA + VNS and FPS = FNS, as illustrated in
Fig. 2(a). The velocities can then be expressed in terms
of VA as
VPS =
(
I− R−1NS · RPS
)−1 · VA, (9)
VNS =
(
R−1PS · RNS − I
)−1 · VA, (10)
where I is the six-dimensional identity tensor. Inserting
these velocities in Eqs. (6) and (8) yields our main re-
sult that is presented in Eq. (1). Equation (1) shows
that the minimum dissipated power by a swimmer can
be obtained explicitly by evaluating the resistance ten-
sors of two passive problems: the perfect-slip body and
the no-slip body motion of the same geometry. This re-
sult is general and holds for any swimmer of any arbitrary
shape. The optimization problem is remarkably reduced
down to finding the resistance tensor of two passive sys-
tems in the same domain.
As discussed, the power dissipated in active swimming
reaches its lower bound when the superposition of the
active and no-slip cases conspires to exactly recreate the
perfect-slip motion. Such a decomposition of the perfect-
slip body then demands vsA = v
s
PS. From this, one can
claim that the optimal slip velocity profile for any swim-
mer with swimming velocity VA is identical to that of a
perfect-slip body moving with a velocity given in Eq. (9).
Furthermore, since for the perfect-slip body f
‖
PS = 0, the
superposition also necessitates f
‖
A = −f‖NS. Thus, we can
similarly claim that the force density of an optimal swim-
mer is the negative of that induced by a passive motion
of a no-slip body with the velocity given in (10).
The expression for the minimum power can also be
used to find the maximum Lighthill efficiency. Recalling
that the total power needed for dragging a no-slip body
with velocity VA is VA · RNS · VA, we find
ηL ≤ VA · RNS · VA
VA ·
(
R−1PS − R−1NS
)−1 · VA . (11)
Expression (11) is also general and sets the upper bound
for the efficiency of a swimmer with a given shape and
swimming velocity. If the motion is axisymmetric with
no rotation, the limit on efficiency takes the very simple
form
ηL ≤ RNS
RPS
− 1, (12)
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<latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuGg=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99QqfTdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuGg=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99QqfTdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuGg=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99QqfTdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuGg=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99QqfTdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit>
b
<latexit sha1_base64="uHt+VABS4Z1c5t9EEYjmMyFIFpE=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrePHYgm2FNpTNdtKu3XywuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5fiK40o7zYZXW1jc2t8rblZ3dvf2D6uFRT8WpZNhlsYjlrU8VCh5hV3Mt8DaRSENfYN+fXS39/j1KxePoRs8T9EI6iXjAGdVG6vijas2xmznIijTqBWm6xLWdHDUo0B5V34fjmKUhRpoJqtTAdRLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOLr2MR0mqMWKrRUEqiI7J8msy5hKZFnNDKJPc3ErYlErKtMmmYkL4+pT8T3oXtuvYbqdea9WLOMpwAqdwDi40oAXX0IYuMEB4gCd4tu6sR+vFel21lqxi5hh+wHr7BJXljWs=</latexit><latexit sha1_base64="uHt+VABS4Z1c5t9EEYjmMyFIFpE=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrePHYgm2FNpTNdtKu3XywuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5fiK40o7zYZXW1jc2t8rblZ3dvf2D6uFRT8WpZNhlsYjlrU8VCh5hV3Mt8DaRSENfYN+fXS39/j1KxePoRs8T9EI6iXjAGdVG6vijas2xmznIijTqBWm6xLWdHDUo0B5V34fjmKUhRpoJqtTAdRLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOLr2MR0mqMWKrRUEqiI7J8msy5hKZFnNDKJPc3ErYlErKtMmmYkL4+pT8T3oXtuvYbqdea9WLOMpwAqdwDi40oAXX0IYuMEB4gCd4tu6sR+vFel21lqxi5hh+wHr7BJXljWs=</latexit><latexit sha1_base64="uHt+VABS4Z1c5t9EEYjmMyFIFpE=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrePHYgm2FNpTNdtKu3XywuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5fiK40o7zYZXW1jc2t8rblZ3dvf2D6uFRT8WpZNhlsYjlrU8VCh5hV3Mt8DaRSENfYN+fXS39/j1KxePoRs8T9EI6iXjAGdVG6vijas2xmznIijTqBWm6xLWdHDUo0B5V34fjmKUhRpoJqtTAdRLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOLr2MR0mqMWKrRUEqiI7J8msy5hKZFnNDKJPc3ErYlErKtMmmYkL4+pT8T3oXtuvYbqdea9WLOMpwAqdwDi40oAXX0IYuMEB4gCd4tu6sR+vFel21lqxi5hh+wHr7BJXljWs=</latexit><latexit sha1_base64="uHt+VABS4Z1c5t9EEYjmMyFIFpE=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrePHYgm2FNpTNdtKu3XywuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5fiK40o7zYZXW1jc2t8rblZ3dvf2D6uFRT8WpZNhlsYjlrU8VCh5hV3Mt8DaRSENfYN+fXS39/j1KxePoRs8T9EI6iXjAGdVG6vijas2xmznIijTqBWm6xLWdHDUo0B5V34fjmKUhRpoJqtTAdRLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOLr2MR0mqMWKrRUEqiI7J8msy5hKZFnNDKJPc3ErYlErKtMmmYkL4+pT8T3oXtuvYbqdea9WLOMpwAqdwDi40oAXX0IYuMEB4gCd4tu6sR+vFel21lqxi5hh+wHr7BJXljWs=</latexit>
ηmaxL
<latexit sha1_base64="qwWn1mFHZ8MRKASviTP5ePQUmFA=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMYBKuwKwEtAzYWFhHMBbIxzE5OkiEzu8vMWUlY1sZXsbFQxNa3sPNtnFwKTfxh4OM/53Dm/EEsuEbX/bZyK6tr6xv5zcLW9s7unr1/UNdRohjUWCQi1QyoBsFDqCFHAc1YAZWBgEYwvJrUGw+gNI/COxzH0Ja0H/IeZxSN1bGPfEDa8RFGmN5k9zOQdJR17KJbcqdylsGbQ5HMVe3YX343YomEEJmgWrc8N8Z2ShVyJiAr+ImGmLIh7UPLYEgl6HY6vSBzTo3TdXqRMi9EZ+r+nkip1HosA9MpKQ70Ym1i/ldrJdi7bKc8jBOEkM0W9RLhYORM4nC6XAFDMTZAmeLmrw4bUEUZmtAKJgRv8eRlqJ+XPLfk3ZaLlfI8jjw5JifkjHjkglTINamSGmHkkTyTV/JmPVkv1rv1MWvNWfOZQ/JH1ucPtEuXpA==</latexit><latexit sha1_base64="qwWn1mFHZ8MRKASviTP5ePQUmFA=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMYBKuwKwEtAzYWFhHMBbIxzE5OkiEzu8vMWUlY1sZXsbFQxNa3sPNtnFwKTfxh4OM/53Dm/EEsuEbX/bZyK6tr6xv5zcLW9s7unr1/UNdRohjUWCQi1QyoBsFDqCFHAc1YAZWBgEYwvJrUGw+gNI/COxzH0Ja0H/IeZxSN1bGPfEDa8RFGmN5k9zOQdJR17KJbcqdylsGbQ5HMVe3YX343YomEEJmgWrc8N8Z2ShVyJiAr+ImGmLIh7UPLYEgl6HY6vSBzTo3TdXqRMi9EZ+r+nkip1HosA9MpKQ70Ym1i/ldrJdi7bKc8jBOEkM0W9RLhYORM4nC6XAFDMTZAmeLmrw4bUEUZmtAKJgRv8eRlqJ+XPLfk3ZaLlfI8jjw5JifkjHjkglTINamSGmHkkTyTV/JmPVkv1rv1MWvNWfOZQ/JH1ucPtEuXpA==</latexit><latexit sha1_base64="qwWn1mFHZ8MRKASviTP5ePQUmFA=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMYBKuwKwEtAzYWFhHMBbIxzE5OkiEzu8vMWUlY1sZXsbFQxNa3sPNtnFwKTfxh4OM/53Dm/EEsuEbX/bZyK6tr6xv5zcLW9s7unr1/UNdRohjUWCQi1QyoBsFDqCFHAc1YAZWBgEYwvJrUGw+gNI/COxzH0Ja0H/IeZxSN1bGPfEDa8RFGmN5k9zOQdJR17KJbcqdylsGbQ5HMVe3YX343YomEEJmgWrc8N8Z2ShVyJiAr+ImGmLIh7UPLYEgl6HY6vSBzTo3TdXqRMi9EZ+r+nkip1HosA9MpKQ70Ym1i/ldrJdi7bKc8jBOEkM0W9RLhYORM4nC6XAFDMTZAmeLmrw4bUEUZmtAKJgRv8eRlqJ+XPLfk3ZaLlfI8jjw5JifkjHjkglTINamSGmHkkTyTV/JmPVkv1rv1MWvNWfOZQ/JH1ucPtEuXpA==</latexit><latexit sha1_base64="qwWn1mFHZ8MRKASviTP5ePQUmFA=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMYBKuwKwEtAzYWFhHMBbIxzE5OkiEzu8vMWUlY1sZXsbFQxNa3sPNtnFwKTfxh4OM/53Dm/EEsuEbX/bZyK6tr6xv5zcLW9s7unr1/UNdRohjUWCQi1QyoBsFDqCFHAc1YAZWBgEYwvJrUGw+gNI/COxzH0Ja0H/IeZxSN1bGPfEDa8RFGmN5k9zOQdJR17KJbcqdylsGbQ5HMVe3YX343YomEEJmgWrc8N8Z2ShVyJiAr+ImGmLIh7UPLYEgl6HY6vSBzTo3TdXqRMi9EZ+r+nkip1HosA9MpKQ70Ym1i/ldrJdi7bKc8jBOEkM0W9RLhYORM4nC6XAFDMTZAmeLmrw4bUEUZmtAKJgRv8eRlqJ+XPLfk3ZaLlfI8jjw5JifkjHjkglTINamSGmHkkTyTV/JmPVkv1rv1MWvNWfOZQ/JH1ucPtEuXpA==</latexit>
ηmaxm
<latexit sha1_base64="4PLRBFZtyxLfIAPGDeQBhsiFQLA=">AAACAXicbZDLSsNAFIYnXmu9Rd0IboJFcFUSKeiy4MZlBXuBJobJ9LQdOrkwcyItIW58FTcuFHHrW7jzbZy2WWjrDwMf/zmHM+cPEsEV2va3sbK6tr6xWdoqb+/s7u2bB4ctFaeSQZPFIpadgCoQPIImchTQSSTQMBDQDkbX03r7AaTicXSHkwS8kA4i3ueMorZ889gFpL6LMMYszO8LoOPcNyt21Z7JWgangAop1PDNL7cXszSECJmgSnUdO0EvoxI5E5CX3VRBQtmIDqCrMaIhKC+bXZBbZ9rpWf1Y6hehNXN/T2Q0VGoSBrozpDhUi7Wp+V+tm2L/yst4lKQIEZsv6qfCwtiaxmH1uASGYqKBMsn1Xy02pJIy1KGVdQjO4snL0LqoOnbVua1V6rUijhI5IafknDjkktTJDWmQJmHkkTyTV/JmPBkvxrvxMW9dMYqZI/JHxucP59uXxQ==</latexit><latexit sha1_base64="4PLRBFZtyxLfIAPGDeQBhsiFQLA=">AAACAXicbZDLSsNAFIYnXmu9Rd0IboJFcFUSKeiy4MZlBXuBJobJ9LQdOrkwcyItIW58FTcuFHHrW7jzbZy2WWjrDwMf/zmHM+cPEsEV2va3sbK6tr6xWdoqb+/s7u2bB4ctFaeSQZPFIpadgCoQPIImchTQSSTQMBDQDkbX03r7AaTicXSHkwS8kA4i3ueMorZ889gFpL6LMMYszO8LoOPcNyt21Z7JWgangAop1PDNL7cXszSECJmgSnUdO0EvoxI5E5CX3VRBQtmIDqCrMaIhKC+bXZBbZ9rpWf1Y6hehNXN/T2Q0VGoSBrozpDhUi7Wp+V+tm2L/yst4lKQIEZsv6qfCwtiaxmH1uASGYqKBMsn1Xy02pJIy1KGVdQjO4snL0LqoOnbVua1V6rUijhI5IafknDjkktTJDWmQJmHkkTyTV/JmPBkvxrvxMW9dMYqZI/JHxucP59uXxQ==</latexit><latexit sha1_base64="4PLRBFZtyxLfIAPGDeQBhsiFQLA=">AAACAXicbZDLSsNAFIYnXmu9Rd0IboJFcFUSKeiy4MZlBXuBJobJ9LQdOrkwcyItIW58FTcuFHHrW7jzbZy2WWjrDwMf/zmHM+cPEsEV2va3sbK6tr6xWdoqb+/s7u2bB4ctFaeSQZPFIpadgCoQPIImchTQSSTQMBDQDkbX03r7AaTicXSHkwS8kA4i3ueMorZ889gFpL6LMMYszO8LoOPcNyt21Z7JWgangAop1PDNL7cXszSECJmgSnUdO0EvoxI5E5CX3VRBQtmIDqCrMaIhKC+bXZBbZ9rpWf1Y6hehNXN/T2Q0VGoSBrozpDhUi7Wp+V+tm2L/yst4lKQIEZsv6qfCwtiaxmH1uASGYqKBMsn1Xy02pJIy1KGVdQjO4snL0LqoOnbVua1V6rUijhI5IafknDjkktTJDWmQJmHkkTyTV/JmPBkvxrvxMW9dMYqZI/JHxucP59uXxQ==</latexit><latexit sha1_base64="4PLRBFZtyxLfIAPGDeQBhsiFQLA=">AAACAXicbZDLSsNAFIYnXmu9Rd0IboJFcFUSKeiy4MZlBXuBJobJ9LQdOrkwcyItIW58FTcuFHHrW7jzbZy2WWjrDwMf/zmHM+cPEsEV2va3sbK6tr6xWdoqb+/s7u2bB4ctFaeSQZPFIpadgCoQPIImchTQSSTQMBDQDkbX03r7AaTicXSHkwS8kA4i3ueMorZ889gFpL6LMMYszO8LoOPcNyt21Z7JWgangAop1PDNL7cXszSECJmgSnUdO0EvoxI5E5CX3VRBQtmIDqCrMaIhKC+bXZBbZ9rpWf1Y6hehNXN/T2Q0VGoSBrozpDhUi7Wp+V+tm2L/yst4lKQIEZsv6qfCwtiaxmH1uASGYqKBMsn1Xy02pJIy1KGVdQjO4snL0LqoOnbVua1V6rUijhI5IafknDjkktTJDWmQJmHkkTyTV/JmPBkvxrvxMW9dMYqZI/JHxucP59uXxQ==</latexit>
0.1
<latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ekc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbCslC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ekc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbCslC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ekc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbCslC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ekc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbCslC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit>
1
<latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit>
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<latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlthk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9+0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlthk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9+0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlthk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9+0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlthk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9+0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit>
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<latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQsk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLYeSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSSBbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQsk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLYeSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSSBbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQsk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLYeSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSSBbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQsk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLYeSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSSBbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit>
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<latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit>
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<latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit>
3
<latexit sha1_base64="QWVprIU4LlM6rZpjBMb5ZXnfw6c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeT0oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AeW+MqQ==</latexit><latexit sha1_base64="QWVprIU4LlM6rZpjBMb5ZXnfw6c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeT0oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AeW+MqQ==</latexit><latexit sha1_base64="QWVprIU4LlM6rZpjBMb5ZXnfw6c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeT0oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AeW+MqQ==</latexit><latexit sha1_base64="QWVprIU4LlM6rZpjBMb5ZXnfw6c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeT0oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AeW+MqQ==</latexit>
η
<latexit sha1_base64="q/6D8IM+KTYgzvzoSLioK/85ih8=">AAAB63icbVDLSgNBEJz1GeMr6tHLYBA8hV0R4jHgxWME84BkCbOTTjJkZnaZ6RXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJVJY9P1vb2Nza3tnt7RX3j84PDqunJy2bZwaDi0ey9h0I2ZBCg0tFCihmxhgKpLQiaZ3ud95AmNFrB9xlkCo2FiLkeAMc6kPyAaVql/zF6DrJChIlRRoDipf/WHMUwUauWTW9gI/wTBjBgWXMC/3UwsJ41M2hp6jmimwYba4dU4vnTKko9i40kgX6u+JjClrZypynYrhxK56ufif10txdBtmQicpgubLRaNUUoxp/jgdCgMc5cwRxo1wt1I+YYZxdPGUXQjB6svrpH1dC/xa8HBTbdSLOErknFyQKxKQOmmQe9IkLcLJhDyTV/LmKe/Fe/c+lq0bXjFzRv7A+/wBBZOOLQ==</latexit><latexit sha1_base64="q/6D8IM+KTYgzvzoSLioK/85ih8=">AAAB63icbVDLSgNBEJz1GeMr6tHLYBA8hV0R4jHgxWME84BkCbOTTjJkZnaZ6RXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJVJY9P1vb2Nza3tnt7RX3j84PDqunJy2bZwaDi0ey9h0I2ZBCg0tFCihmxhgKpLQiaZ3ud95AmNFrB9xlkCo2FiLkeAMc6kPyAaVql/zF6DrJChIlRRoDipf/WHMUwUauWTW9gI/wTBjBgWXMC/3UwsJ41M2hp6jmimwYba4dU4vnTKko9i40kgX6u+JjClrZypynYrhxK56ufif10txdBtmQicpgubLRaNUUoxp/jgdCgMc5cwRxo1wt1I+YYZxdPGUXQjB6svrpH1dC/xa8HBTbdSLOErknFyQKxKQOmmQe9IkLcLJhDyTV/LmKe/Fe/c+lq0bXjFzRv7A+/wBBZOOLQ==</latexit><latexit sha1_base64="q/6D8IM+KTYgzvzoSLioK/85ih8=">AAAB63icbVDLSgNBEJz1GeMr6tHLYBA8hV0R4jHgxWME84BkCbOTTjJkZnaZ6RXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJVJY9P1vb2Nza3tnt7RX3j84PDqunJy2bZwaDi0ey9h0I2ZBCg0tFCihmxhgKpLQiaZ3ud95AmNFrB9xlkCo2FiLkeAMc6kPyAaVql/zF6DrJChIlRRoDipf/WHMUwUauWTW9gI/wTBjBgWXMC/3UwsJ41M2hp6jmimwYba4dU4vnTKko9i40kgX6u+JjClrZypynYrhxK56ufif10txdBtmQicpgubLRaNUUoxp/jgdCgMc5cwRxo1wt1I+YYZxdPGUXQjB6svrpH1dC/xa8HBTbdSLOErknFyQKxKQOmmQe9IkLcLJhDyTV/LmKe/Fe/c+lq0bXjFzRv7A+/wBBZOOLQ==</latexit><latexit sha1_base64="q/6D8IM+KTYgzvzoSLioK/85ih8=">AAAB63icbVDLSgNBEJz1GeMr6tHLYBA8hV0R4jHgxWME84BkCbOTTjJkZnaZ6RXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJVJY9P1vb2Nza3tnt7RX3j84PDqunJy2bZwaDi0ey9h0I2ZBCg0tFCihmxhgKpLQiaZ3ud95AmNFrB9xlkCo2FiLkeAMc6kPyAaVql/zF6DrJChIlRRoDipf/WHMUwUauWTW9gI/wTBjBgWXMC/3UwsJ41M2hp6jmimwYba4dU4vnTKko9i40kgX6u+JjClrZypynYrhxK56ufif10txdBtmQicpgubLRaNUUoxp/jgdCgMc5cwRxo1wt1I+YYZxdPGUXQjB6svrpH1dC/xa8HBTbdSLOErknFyQKxKQOmmQe9IkLcLJhDyTV/LmKe/Fe/c+lq0bXjFzRv7A+/wBBZOOLQ==</latexit>
b/a
<latexit sha1_base64="3sjpdY9MzRvTV6emIRqytdZYzwQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOex1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+aejX8=</latexit><latexit sha1_base64="3sjpdY9MzRvTV6emIRqytdZYzwQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOex1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+aejX8=</latexit><latexit sha1_base64="3sjpdY9MzRvTV6emIRqytdZYzwQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOex1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+aejX8=</latexit><latexit sha1_base64="3sjpdY9MzRvTV6emIRqytdZYzwQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOex1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+aejX8=</latexit>
b
<latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit>
a
<latexit sha1_base64="iVfmgA+qfRs6f5mBjLkvTB3lrjA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx+/J4zX</latexit><latexit sha1_base64="iVfmgA+qfRs6f5mBjLkvTB3lrjA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx+/J4zX</latexit><latexit sha1_base64="iVfmgA+qfRs6f5mBjLkvTB3lrjA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx+/J4zX</latexit><latexit sha1_base64="iVfmgA+qfRs6f5mBjLkvTB3lrjA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx+/J4zX</latexit>
1/2
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FIG. 3. Maximum Lighthill efficiency ηmaxL (black line) of
spheroidal swimmers as a function of the aspect ratio b/a,
obtained using our theorem. The Lighthill efficiency diverges
for prolate spheroids as b/a increases. The red line shows our
proposed microswimmer efficiency ηmaxm , which is bounded by
unity. For a sphere (b/a = 1), our theorem recovers the well-
documented maximum Lighthill efficiency of 1/2 [25], which
corresponds to 1/3 in the case of our proposed microswimmer
efficiency. The grey squares show optimal efficiencies obtained
by Guo et al. [26] using BEM and numerical optimization.
where RNS and RPS are now the scalar drag coefficients of
the no-slip and perfect-slip passive bodies. For instance,
for a spherical swimmer (i.e., a squirmer [5, 6, 38]), we
have RNS = 6piµa and RPS = 4piµa, where a is the ra-
dius [34]. This gives ηmaxL = 1/2, a result which was
also found by Michelin and Lauga [25]. From the known
solutions for the flow around a bubble we know that
the slip velocity of the optimal spherical swimmer is
vsA =
3
2VA sin θ with θ being the polar angle, also in
agreement with Refs. [7, 25]. The force density, which
is identical to the force on a no-slip sphere translating
with velocity (RNS/RPS − 1)−1VA, is then simply found
as f
‖
A = 3µ(VA/a) sin θ. The flow decomposition for an
optimal spherical swimmer is shown in Fig. 2(b).
To highlight the strength of expression (12), we may
also use it to evaluate the maximum efficiency of an ax-
isymmetric spheroidal swimmer. The exact expression
for the flow field and the drag coefficient of a no-slip
spheroidal body is well documented [34], and we can
similarly find the flow field and the drag coefficient for
the perfect-slip body using an exact approach [32] [see
Fig. 2(c) for an example]. By using these results, we can
evaluate the maximum Lighthill efficiency for any value
of the spheroid aspect ratio b/a. As shown in Fig. 3, our
results precisely match the recent computational data for
optimal swimming of spheroidal particles obtained with
the boundary element method (BEM) and numerical op-
timization by Guo et al. [26]. These results provide a
fully independent validation of our theorem.
Our simple expression for the maximum efficiency also
shows how the Lighthill efficiency diverges once the as-
pect ratio becomes increasingly large b/a→∞ (spheroid
transforms to a needle) [19]. In that case, RNS ∝
b/ log(b/a) → ∞ while RPS ∝ a2/b → 0, resulting in
ηmaxL ∝ (b/a)2/ log(b/a) → ∞. To resolve this, we pro-
pose an alternative microswimmer efficiency via Eq. (2),
which yields
ηm ≤ VA · RPS · VA
VA ·
(
R−1PS − R−1NS
)−1 · VA , (13)
and consequently
ηm ≤ 1− RPS
RNS
, (14)
for axisymmetric bodies. Using this definition, for a
spherical swimmer ηmaxm = 1/3, and for a needle η
max
m →
1; see Fig. 3. We have demonstrated that the motion of a
perfect-slip body has the minimum dissipation among all
other types of motion, and therefore, unlike the Lighthill
efficiency, ηm is clearly bounded by unity.
In conclusion, we were able to express the minimum
dissipation needed by an active swimmer using only two
rigid-body resistance tensors of bodies with the same
shape: a no-slip boundary condition in the first case and
a perfect-slip boundary in the second. We showed that
the surface slip velocities and forces that reach this min-
imal dissipation correspond to the flow around a perfect-
slip body and the tangential force on the no-slip body.
We have thus reduced a complex optimization problem
to the calculation of two resistance tensors, for which nu-
merous analytical solutions and numerical methods are
available.
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AXISYMMETRIC MOTION OF A PERFECT-SLIP SPHEROIDAL PARTICLE
Here, we show the details of our calculations for finding the flow field and the drag coefficient of a perfect-slip
spheroidal particle, needed for finding the optimal slip profile of a spheroidal microswimmer (Figs. 2 and 3 in the
main article).
We begin by considering a prolate spheroidal particle with semi-axes b and a (b > a), aligned along axes ez and ex,
as shown in Fig. S1. We assume the motion is axisymmetric with translational velocity V = V ez. The flow field due
to the motion of the particle is governed by the Stokes equations
∇ · σ(x) = 0, ∇ · v(x) = 0, (S1)
where σ = −pI + µ (∇v +∇v>) is the stress field, v and p are the flow field and pressure field, x is the position
vector, and µ is the fluid viscosity. In the co-moving frame, the boundary conditions for this motion take the form
v(x) = −V , |x| → ∞ (S2)
n · v(x) = 0, x ∈ S (S3)
where S describes the surface of the particle, and n is a unit vector normal to S. Here, Eq. (S2) indicates that the
effect of the particle must vanish when |x| → ∞, and Eq. (S3) imposes the impermeability condition at the surface.
By definition, a perfect-slip body cannot have any tangential traction
(I − nn) · (n · σ) = 0. (S4)
To go further, it is convenient to take a prolate spheroidal coordinate system set at the center of the particle. As
it has been well discussed for no-slip bodies [1, 2], droplets [3], and active particles [4], using this coordinate system
⌧ =
con
st.
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⇣
=
const.
<latexit sha1_base64="YBLY YffyTabVjnFXy8RkgHb7wH0=">AAAB/HicbVBNS8NAEN3Ur1q/q j16CVbBU0hE0ItQ8OKxgv2ANpTNdtIu3WzC7kSMof4VLx4U8eo P8ea/cftx0NYHA4/3ZpiZFySCa3Tdb6uwsrq2vlHcLG1t7+zulf cPmjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0ApG1xO/dQ9K81jeY ZaAH9GB5CFnFI3UK1e6j4D0qovwgDmLpUZn3CtXXcedwl4m3px UyRz1Xvmr249ZGoFEJqjWHc9N0M+pQs4EjEvdVENC2YgOoGOopB FoP58eP7ZPjNK3w1iZkmhP1d8TOY20zqLAdEYUh3rRm4j/eZ0Uw 0s/5zJJESSbLQpTYWNsT5Kw+1wBQ5EZQpni5labDamiDE1eJRO Ct/jyMmmeOZ7reLfn1drxPI4iOSRH5JR45ILUyA2pkwZhJCPP5J W8WU/Wi/VufcxaC9Z8pkL+wPr8ATY3lQY=</latexit><latexit sha1_base64="YBLY YffyTabVjnFXy8RkgHb7wH0=">AAAB/HicbVBNS8NAEN3Ur1q/q j16CVbBU0hE0ItQ8OKxgv2ANpTNdtIu3WzC7kSMof4VLx4U8eo P8ea/cftx0NYHA4/3ZpiZFySCa3Tdb6uwsrq2vlHcLG1t7+zulf cPmjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0ApG1xO/dQ9K81jeY ZaAH9GB5CFnFI3UK1e6j4D0qovwgDmLpUZn3CtXXcedwl4m3px UyRz1Xvmr249ZGoFEJqjWHc9N0M+pQs4EjEvdVENC2YgOoGOopB FoP58eP7ZPjNK3w1iZkmhP1d8TOY20zqLAdEYUh3rRm4j/eZ0Uw 0s/5zJJESSbLQpTYWNsT5Kw+1wBQ5EZQpni5labDamiDE1eJRO Ct/jyMmmeOZ7reLfn1drxPI4iOSRH5JR45ILUyA2pkwZhJCPP5J W8WU/Wi/VufcxaC9Z8pkL+wPr8ATY3lQY=</latexit><latexit sha1_base64="YBLY YffyTabVjnFXy8RkgHb7wH0=">AAAB/HicbVBNS8NAEN3Ur1q/q j16CVbBU0hE0ItQ8OKxgv2ANpTNdtIu3WzC7kSMof4VLx4U8eo P8ea/cftx0NYHA4/3ZpiZFySCa3Tdb6uwsrq2vlHcLG1t7+zulf cPmjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0ApG1xO/dQ9K81jeY ZaAH9GB5CFnFI3UK1e6j4D0qovwgDmLpUZn3CtXXcedwl4m3px UyRz1Xvmr249ZGoFEJqjWHc9N0M+pQs4EjEvdVENC2YgOoGOopB FoP58eP7ZPjNK3w1iZkmhP1d8TOY20zqLAdEYUh3rRm4j/eZ0Uw 0s/5zJJESSbLQpTYWNsT5Kw+1wBQ5EZQpni5labDamiDE1eJRO Ct/jyMmmeOZ7reLfn1drxPI4iOSRH5JR45ILUyA2pkwZhJCPP5J W8WU/Wi/VufcxaC9Z8pkL+wPr8ATY3lQY=</latexit><latexit sha1_base64="YBLY YffyTabVjnFXy8RkgHb7wH0=">AAAB/HicbVBNS8NAEN3Ur1q/q j16CVbBU0hE0ItQ8OKxgv2ANpTNdtIu3WzC7kSMof4VLx4U8eo P8ea/cftx0NYHA4/3ZpiZFySCa3Tdb6uwsrq2vlHcLG1t7+zulf cPmjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0ApG1xO/dQ9K81jeY ZaAH9GB5CFnFI3UK1e6j4D0qovwgDmLpUZn3CtXXcedwl4m3px UyRz1Xvmr249ZGoFEJqjWHc9N0M+pQs4EjEvdVENC2YgOoGOopB FoP58eP7ZPjNK3w1iZkmhP1d8TOY20zqLAdEYUh3rRm4j/eZ0Uw 0s/5zJJESSbLQpTYWNsT5Kw+1wBQ5EZQpni5labDamiDE1eJRO Ct/jyMmmeOZ7reLfn1drxPI4iOSRH5JR45ILUyA2pkwZhJCPP5J W8WU/Wi/VufcxaC9Z8pkL+wPr8ATY3lQY=</latexit>
⌧
=
⌧ 0
<latexit sha1_base64="E68Q/fwXsq9Olb+GA6Ty201RkEs =">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0ItQ8OKxgv2ANpTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LQ5aOuDXR7vzTA zL0ikMOi6305pbX1jc6u8XdnZ3ds/qB4etU2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7vc7zxxbUSsHnGacD+iIyVCwShaq ddHmt7m38AdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nl95Rs6tMiRhrO1TSOb q746MRsZMo8BWRhTHZtnLxf+8XorhjZ8JlaTIFVsMClNJMCb5/WQoNGcop5ZQpoXdlbAx1ZShTaliQ/CWT14l7cu659a9h6ta4 6yIowwncAoX4ME1NOAemtACBjE8wyu8Oei8OO/Ox6K05BQ9x/AHzucP4ruQ4g==</latexit><latexit sha1_base64="E68Q/fwXsq9Olb+GA6Ty201RkEs =">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0ItQ8OKxgv2ANpTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LQ5aOuDXR7vzTA zL0ikMOi6305pbX1jc6u8XdnZ3ds/qB4etU2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7vc7zxxbUSsHnGacD+iIyVCwShaq ddHmt7m38AdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nl95Rs6tMiRhrO1TSOb q746MRsZMo8BWRhTHZtnLxf+8XorhjZ8JlaTIFVsMClNJMCb5/WQoNGcop5ZQpoXdlbAx1ZShTaliQ/CWT14l7cu659a9h6ta4 6yIowwncAoX4ME1NOAemtACBjE8wyu8Oei8OO/Ox6K05BQ9x/AHzucP4ruQ4g==</latexit><latexit sha1_base64="E68Q/fwXsq9Olb+GA6Ty201RkEs =">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0ItQ8OKxgv2ANpTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LQ5aOuDXR7vzTA zL0ikMOi6305pbX1jc6u8XdnZ3ds/qB4etU2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7vc7zxxbUSsHnGacD+iIyVCwShaq ddHmt7m38AdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nl95Rs6tMiRhrO1TSOb q746MRsZMo8BWRhTHZtnLxf+8XorhjZ8JlaTIFVsMClNJMCb5/WQoNGcop5ZQpoXdlbAx1ZShTaliQ/CWT14l7cu659a9h6ta4 6yIowwncAoX4ME1NOAemtACBjE8wyu8Oei8OO/Ox6K05BQ9x/AHzucP4ruQ4g==</latexit><latexit sha1_base64="E68Q/fwXsq9Olb+GA6Ty201RkEs =">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0ItQ8OKxgv2ANpTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LQ5aOuDXR7vzTA zL0ikMOi6305pbX1jc6u8XdnZ3ds/qB4etU2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7vc7zxxbUSsHnGacD+iIyVCwShaq ddHmt7m38AdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nl95Rs6tMiRhrO1TSOb q746MRsZMo8BWRhTHZtnLxf+8XorhjZ8JlaTIFVsMClNJMCb5/WQoNGcop5ZQpoXdlbAx1ZShTaliQ/CWT14l7cu659a9h6ta4 6yIowwncAoX4ME1NOAemtACBjE8wyu8Oei8OO/Ox6K05BQ9x/AHzucP4ruQ4g==</latexit>
z/a
<latexit sha1_base64="Z4Y2 yo4VdfsD/2OXuM5+P0mLMNM=">AAAB6nicbVBNS8NAEJ3Ur1q/ qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V /kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+g fHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHs sHM0nQj+hQ8pAzaqx0/3RB++WKW3XnIKvEy0kFcjT65a/eIGZp hNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKg MSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5It FoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq5 5b9e5qlXotj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L 1oKTzxzDHzifPwpWjZQ=</latexit><latexit sha1_base64="Z4Y2 yo4VdfsD/2OXuM5+P0mLMNM=">AAAB6nicbVBNS8NAEJ3Ur1q/ qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V /kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+g fHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHs sHM0nQj+hQ8pAzaqx0/3RB++WKW3XnIKvEy0kFcjT65a/eIGZp hNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKg MSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5It FoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq5 5b9e5qlXotj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L 1oKTzxzDHzifPwpWjZQ=</latexit><latexit sha1_base64="Z4Y2 yo4VdfsD/2OXuM5+P0mLMNM=">AAAB6nicbVBNS8NAEJ3Ur1q/ qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V /kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+g fHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHs sHM0nQj+hQ8pAzaqx0/3RB++WKW3XnIKvEy0kFcjT65a/eIGZp hNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKg MSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5It FoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq5 5b9e5qlXotj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L 1oKTzxzDHzifPwpWjZQ=</latexit><latexit sha1_base64="Z4Y2 yo4VdfsD/2OXuM5+P0mLMNM=">AAAB6nicbVBNS8NAEJ3Ur1q/ qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V /kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+g fHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHs sHM0nQj+hQ8pAzaqx0/3RB++WKW3XnIKvEy0kFcjT65a/eIGZp hNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKg MSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5It FoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq5 5b9e5qlXotj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L 1oKTzxzDHzifPwpWjZQ=</latexit>
x/a
<latexit sha1_base64="v/45BYPiN1TAmjVP5aH6OEVqoQY=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAi ujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/3RB++W KW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0T NSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5qlXotj6MIJ3AK5+DBFdT hFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwdKjZI=</latexit><latexit sha1_base64="v/45BYPiN1TAmjVP5aH6OEVqoQY=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAi ujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/3RB++W KW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0T NSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5qlXotj6MIJ3AK5+DBFdT hFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwdKjZI=</latexit><latexit sha1_base64="v/45BYPiN1TAmjVP5aH6OEVqoQY=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAi ujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/3RB++W KW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0T NSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5qlXotj6MIJ3AK5+DBFdT hFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwdKjZI=</latexit><latexit sha1_base64="v/45BYPiN1TAmjVP5aH6OEVqoQY=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAi ujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/3RB++W KW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0T NSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5qlXotj6MIJ3AK5+DBFdT hFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwdKjZI=</latexit>
 4
<latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit>
 2
<latexit sha1_base64="FA8K99FwD9XI/4OF/VP3JkxDscg=" >AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6vaoFx xq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZUjCWNmShizU3xMZjbSeRoHtjKg Z61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6rlV775eadTzOIpwBudwCR5cQwP uoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K99FwD9XI/4OF/VP3JkxDscg=" >AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6vaoFx xq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZUjCWNmShizU3xMZjbSeRoHtjKg Z61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6rlV775eadTzOIpwBudwCR5cQwP uoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K99FwD9XI/4OF/VP3JkxDscg=" >AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6vaoFx xq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZUjCWNmShizU3xMZjbSeRoHtjKg Z61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6rlV775eadTzOIpwBudwCR5cQwP uoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K99FwD9XI/4OF/VP3JkxDscg=" >AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6vaoFx xq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZUjCWNmShizU3xMZjbSeRoHtjKg Z61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6rlV775eadTzOIpwBudwCR5cQwP uoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB+EwjN8=</latexit>
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<latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE2NOpsYaL9JBtSk1eWl8jKVI=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr1SuNeh5HES7gEq7BgxtowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ad+uMqA==</latexit> 4
<latexit sha1_base64="Njd/kT7xQS9O++cKP0Vuq5UEKQM=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/kT7xQS9O++cKP0Vuq5UEKQM=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/kT7xQS9O++cKP0Vuq5UEKQM=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/kT7xQS9O++cKP0Vuq5UEKQM=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzYsV9y quwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD0 0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AevOMqg==</latexit>
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<latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit>
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<latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit><latexit sha1_base64="0h0W vA1ut5pD0UbHPxdOCiG9rgw=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj 8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujY jVI04T7kd0pEQoGEUrPVzVBuWKW3UXIOvEy0kFcjQH5a/+MGZp xBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqw xJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWW i8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk/Z11X Or3n2t0qjlcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+Q4jOE=</latexit>
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<latexit sha1_base64="FA8K 99FwD9XI/4OF/VP3JkxDscg=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH 5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81 g+mmmCfkRHkoecUWOlh6vaoFxxq+4CZJ14OalAjuag/NUfxiyN UBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZU jCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLl ojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6r lV775eadTzOIpwBudwCR5cQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K 99FwD9XI/4OF/VP3JkxDscg=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH 5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81 g+mmmCfkRHkoecUWOlh6vaoFxxq+4CZJ14OalAjuag/NUfxiyN UBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZU jCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLl ojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6r lV775eadTzOIpwBudwCR5cQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K 99FwD9XI/4OF/VP3JkxDscg=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH 5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81 g+mmmCfkRHkoecUWOlh6vaoFxxq+4CZJ14OalAjuag/NUfxiyN UBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZU jCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLl ojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6r lV775eadTzOIpwBudwCR5cQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+EwjN8=</latexit><latexit sha1_base64="FA8K 99FwD9XI/4OF/VP3JkxDscg=">AAAB6XicbVBNS8NAEJ3Ur1q/ qh69LBbBiyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/ 4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH 5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81 g+mmmCfkRHkoecUWOlh6vaoFxxq+4CZJ14OalAjuag/NUfxiyN UBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHpjFxYZU jCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLl ojAVxMRk/jYZcoXMiKkllClubyVsTBVlxoZTsiF4qy+vk3at6r lV775eadTzOIpwBudwCR5cQwPuoAktYBDCM7zCmzNxXpx352PZ WnDymVP4A+fzB+EwjN8=</latexit>
2
<latexit sha1_base64="I5hE 2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6bt Vr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE 2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6bt Vr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE 2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6bt Vr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8Ad+uMqA==</latexit><latexit sha1_base64="I5hE 2NOpsYaL9JBtSk1eWl8jKVI=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0lKQY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6bt Vr1SuNeh5HES7gEq7BgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8Ad+uMqA==</latexit>
4
<latexit sha1_base64="Njd/ kT7xQS9O++cKP0Vuq5UEKQM=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13K rXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/ kT7xQS9O++cKP0Vuq5UEKQM=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13K rXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/ kT7xQS9O++cKP0Vuq5UEKQM=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13K rXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8AevOMqg==</latexit><latexit sha1_base64="Njd/ kT7xQS9O++cKP0Vuq5UEKQM=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSqzYsV9yquwTZJF5OKpCjOSx/DUYxSyOU hgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkT BWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUo TAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13K rXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0F J585hz9wPn8AevOMqg==</latexit>
0
<latexit sha1_base64="uKd9 vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFK wwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSB grW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloU poKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6bt Vr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aC k8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9 vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFK wwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSB grW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloU poKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6bt Vr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aC k8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9 vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFK wwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSB grW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloU poKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6bt Vr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aC k8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9 vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/ qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3 +SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT 8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleS wfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFK wwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSB grW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloU poKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6bt Vr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aC k8+cwx84nz9044ym</latexit>
b/a
<latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb20=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJH CoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQ rbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyO KY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOWx1GEMziHS/CgDg2 4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb20=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJH CoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQ rbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyO KY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOWx1GEMziHS/CgDg2 4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb20=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJH CoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQ rbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyO KY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOWx1GEMziHS/CgDg2 4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb20=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJH CoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD8EVHZQ rbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyO KY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+teve1SqOWx1GEMziHS/CgDg2 4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit>
1
<latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit><latexit sha1_base64="QHzsrV+yTF5n8m/WTSsCnVjJDBA=" >AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK 4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27 VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO 97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6 a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latexit>
ex
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FIG. S1. Schematic of a prolate spheroid with aspect ratio b/a = 2, in the prolate spheroidal coordinate system (τ, ζ, φ). The
value of τ remains constant along the black lines, and lines of constant ζ are in red.
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2would allow us to find the stream function in terms of an infinite series. Here, we closely follow the methodology
described by Dassios et al. [2] (or its adaptation by Po¨hnl et al. [4]) and define
x = c
√
τ2 − 1
√
1− ζ2 cosφ, y = c
√
τ2 − 1
√
1− ζ2 sinφ, z = cτζ, (S5)
where 0 < τ < ∞, −1 < ζ < 1, 0 < φ < 2pi, and c = √b2 − a2. Under these definitions, the surface of the spheroid
can be simply described by τ = τ0 = b/c, and also we have n = eτ |τ=τ0 .
Since the motion is axisymmetric, we can alternatively write down the Stokes equations given in (S1) using the
stream function as
∇4ψ = 0. (S6)
Defining v = vτeτ + vζeζ , the stream function is connected to components of the velocity as
vτ =
1
c2
√
τ2 − ζ2√τ2 − 1
∂ψ
∂ζ
, vζ =
−1
c2
√
τ2 − ζ2
√
1− ζ2
∂ψ
∂τ
. (S7)
As shown by Dassios et al. [2], the general solution to the bi-harmonic equation given in (S6) can be found in terms
of Gegenbauer functions of the first kind (G) and second kind (H). Noting that in our problem, the stream function
must be finite everywhere, the general solution takes the form
ψ(τ, ζ) =
∞∑
n=2
gn(τ)Gn(ζ), (S8)
where
g2(τ) = B2G1(τ) +AG2(τ) +D2H2(τ) +B4H4(τ), (S9)
and for any n ≥ 4
gn(τ) = BnHn−2(τ) +DnHn(τ) +Bn+2Hn+2(τ), (S10)
where Bn, Dn, and A are constant coefficients that need to be determined via applying the boundary conditions.
Note that here we only need to keep the even terms of the general solution n ∈ {2, 4, 6, · · · }. This is because the
stream function must be symmetric with respect to ζ, and thus should not change via the transformation ζ → −ζ.
To determine the coefficients, we need to truncate the solution at some order, say N , and assume the coefficients
of higher orders are identically zero. We then have N + 1 unknowns which require N + 1 equations. We begin by the
boundary condition given in (S2). We find ψ(|x| → ∞) = 12V c2
(
τ2 − 1) (1− ζ2). Recalling that G2(x) = 12 (1− x2),
we simply arrive at
A = −2V c2. (S11)
The boundary condition given in (S3), indicates that at τ = τ0 we have vτ = 0. This implies ∂ψ/∂ζ(τ = τ0) = 0. But
since ψ(τ = τ0, ζ = ±1) = 0, one can then claim ψ(τ = τ0) = 0 leading to our next set of equations
gn(τ0) = 0. (S12)
To close the system of equations, we now need to use the perfect-slip boundary condition expressed in (S4). In the
prolate spheroidal coordinate system, this condition simplifies to
2τ0
τ20 − ζ2
∂ψ
∂τ
|τ=τ0 =
∂2ψ
∂τ2
|τ=τ0 . (S13)
It is now convenient to make use of the following recursive relations:
ζ2G2(ζ) =
1
5
G2(ζ) +
4
5
G4(ζ),
ζ2Gn(ζ) = αnGn−2(ζ) + γnGn(ζ) + βnGn+2(ζ), for n ≥ 4 (S14)
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1.5
<latexit sha1_base64="im YzmYu34QMHTd0p5n4t5tHc/fA=">AAAB6nicbVBNS8NAEJ3U r1q/qh69LBbBU0hE0WPBi8eK9gPaUDbbTbt0swm7E6GE/gQ vHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7x d2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4 fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+9e9as1z/XmIKvEL0 gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh7 1qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M /E/r5thdBPkQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krY iGrK0KZTsSH4yy+vktaF63uuf39Zq18WcZThBE7hHHy4hjrc QQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1bcjR4=</l atexit><latexit sha1_base64="im YzmYu34QMHTd0p5n4t5tHc/fA=">AAAB6nicbVBNS8NAEJ3U r1q/qh69LBbBU0hE0WPBi8eK9gPaUDbbTbt0swm7E6GE/gQ vHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7x d2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4 fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+9e9as1z/XmIKvEL0 gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh7 1qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M /E/r5thdBPkQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krY iGrK0KZTsSH4yy+vktaF63uuf39Zq18WcZThBE7hHHy4hjrc QQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1bcjR4=</l atexit><latexit sha1_base64="im YzmYu34QMHTd0p5n4t5tHc/fA=">AAAB6nicbVBNS8NAEJ3U r1q/qh69LBbBU0hE0WPBi8eK9gPaUDbbTbt0swm7E6GE/gQ vHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7x d2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4 fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+9e9as1z/XmIKvEL0 gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh7 1qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M /E/r5thdBPkQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krY iGrK0KZTsSH4yy+vktaF63uuf39Zq18WcZThBE7hHHy4hjrc QQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1bcjR4=</l atexit><latexit sha1_base64="im YzmYu34QMHTd0p5n4t5tHc/fA=">AAAB6nicbVBNS8NAEJ3U r1q/qh69LBbBU0hE0WPBi8eK9gPaUDbbTbt0swm7E6GE/gQ vHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7x d2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4 fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+9e9as1z/XmIKvEL0 gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh7 1qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M /E/r5thdBPkQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krY iGrK0KZTsSH4yy+vktaF63uuf39Zq18WcZThBE7hHHy4hjrc QQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1bcjR4=</l atexit>
0.1
<latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ek c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbC slC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ 3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ek c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbC slC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ 3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ek c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbC slC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ 3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit><latexit sha1_base64="Ek4evw2cLt4UxKQ6M1eNJI66Ek c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg1v3BtWaW3cXIOvEK0gNCrQG1a/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZELqwxJlGhbC slC/T2R09iYaRzazpji2Kx6c/E/r5dhdBPkQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy+vk/ZV3bOJ 3TdqzUYRRxnO4BwuwYNraMIdtMAHBiN4hld4c6Tz4rw7H8vWklPMnMIfOJ8/T0aNGQ==</latexit>
10
<latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlth k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUk oX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9 +0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlth k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUk oX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9 +0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlth k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUk oX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9 +0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit><latexit sha1_base64="pnkmZ7oKdgnp0tELWNmKR7qlth k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw 3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSk SCUbTSg+cOqjW37i5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUk oX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7au659a9 +0at2SjiKMMZnMMleHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP5DyM4Q==</latexit>
100
<latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQs k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1H VTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLY eSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSS Bbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq 39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQs k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1H VTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLY eSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSS Bbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq 39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQs k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1H VTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLY eSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSS Bbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq 39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit><latexit sha1_base64="a/uZWqGRgSothM91JKLZkLJnQs k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcxKQI8BLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1H VTXdXmChpkdJvr7CxubW9U9wt7e0fHB6Vj09aNk4NF00eq9h0QmaFklo0UaISncQIFoVKtMPJ7dxvPwljZawfcZqIIGIjLY eSM3TSg09pv1yhVboAWSd+TiqQo9Evf/UGMU8joZErZm3XpwkGGTMouRKzUi+1ImF8wkai66hmkbBBtjh1Ri6cMiDD2LjSS Bbq74mMRdZOo9B1RgzHdtWbi/953RSHN0EmdZKi0Hy5aJgqgjGZ/00G0giOauoI40a6WwkfM8M4unRKLgR/9eV10rqq+rTq 39cq9VoeRxHO4BwuwYdrqMMdNKAJHEbwDK/w5invxXv3PpatBS+fOYU/8D5/AFJSjRs=</latexit>
1
<latexit sha1_base64="QH zsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3U r1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd 48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r 7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7A bTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFc jRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3V NIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/ 7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2o oszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a 0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latex it><latexit sha1_base64="QH zsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3U r1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd 48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r 7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7A bTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFc jRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3V NIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/ 7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2o oszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a 0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latex it><latexit sha1_base64="QH zsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3U r1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd 48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r 7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7A bTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFc jRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3V NIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/ 7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2o oszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a 0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latex it><latexit sha1_base64="QH zsrV+yTF5n8m/WTSsCnVjJDBA=">AAAB6HicbVBNS8NAEJ3U r1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd 48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r 7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7A bTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFc jRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3V NIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/ 7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2o oszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a 0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz92Z4yn</latex it>
Prolate
<latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuG g=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470 ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0 bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99Qqf TdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T 5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuG g=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470 ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0 bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99Qqf TdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T 5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuG g=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470 ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0 bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99Qqf TdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T 5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit><latexit sha1_base64="jNy0KvRNytrjD60yHXtQbe2QuG g=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8hUQEPRa8eKxgP6CNZbOdtEs3u2F3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470 ZZuZFqeAGff/bWVldW9/YLG2Vt3d29/YrB4dNozLNoMGUULodUQOCS2ggRwHtVANNIgGtaHQ99VsPoA1X8g7HKYQJHUgec0 bRSvddhCfM61oJijDpVaq+58/gLpOgIFVSoN6rfHX7imUJSGSCGtMJ/BTDnGrkTMCk3M0MpJSN6AA6lkqagAnz2dUT99Qqf TdW2pZEd6b+nshpYsw4iWxnQnFoFr2p+J/XyTC+CnMu0wxBsvmiOBMuKncagdvnGhiKsSWUaW5vddmQasrQBlW2IQSLLy+T 5rkX+F5we1GteUUcJXJMTsgZCcglqZEbUicNwogmz+SVvDmPzovz7nzMW1ecYuaI/IHz+QMxIJLi</latexit>
Oblate
<latexit sha1_base64="0Ab97M1bQ7wG+pv/qpHokHjfHo Y=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQ9lsJ+3SzSbuTool9Hd48aCIV3+MN/+N2zYHbX0w8Hh vhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0M/NbY9BGxOoBJwn4ERsoEQ rO0Ep+F+EJs7tAMoRpr1xxq+4cdJV4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMS93UQML4iA2gY6liERg/mx89pWdW6 dMw1rYU0rn6eyJjkTGTKLCdEcOhWfZm4n9eJ8Xw2s+ESlIExReLwlRSjOksAdoXGjjKiSWMa2FvpXzINONocyrZELzll1dJ 86LquVXv/rJSq+ZxFMkJOSXnxCNXpEZuSZ00CCeP5Jm8kjdn7Lw4787HorXg5DPH5A+czx9ENpJY</latexit><latexit sha1_base64="0Ab97M1bQ7wG+pv/qpHokHjfHo Y=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQ9lsJ+3SzSbuTool9Hd48aCIV3+MN/+N2zYHbX0w8Hh vhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0M/NbY9BGxOoBJwn4ERsoEQ rO0Ep+F+EJs7tAMoRpr1xxq+4cdJV4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMS93UQML4iA2gY6liERg/mx89pWdW6 dMw1rYU0rn6eyJjkTGTKLCdEcOhWfZm4n9eJ8Xw2s+ESlIExReLwlRSjOksAdoXGjjKiSWMa2FvpXzINONocyrZELzll1dJ 86LquVXv/rJSq+ZxFMkJOSXnxCNXpEZuSZ00CCeP5Jm8kjdn7Lw4787HorXg5DPH5A+czx9ENpJY</latexit><latexit sha1_base64="0Ab97M1bQ7wG+pv/qpHokHjfHo Y=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQ9lsJ+3SzSbuTool9Hd48aCIV3+MN/+N2zYHbX0w8Hh vhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0M/NbY9BGxOoBJwn4ERsoEQ rO0Ep+F+EJs7tAMoRpr1xxq+4cdJV4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMS93UQML4iA2gY6liERg/mx89pWdW6 dMw1rYU0rn6eyJjkTGTKLCdEcOhWfZm4n9eJ8Xw2s+ESlIExReLwlRSjOksAdoXGjjKiSWMa2FvpXzINONocyrZELzll1dJ 86LquVXv/rJSq+ZxFMkJOSXnxCNXpEZuSZ00CCeP5Jm8kjdn7Lw4787HorXg5DPH5A+czx9ENpJY</latexit><latexit sha1_base64="0Ab97M1bQ7wG+pv/qpHokHjfHo Y=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQ9lsJ+3SzSbuTool9Hd48aCIV3+MN/+N2zYHbX0w8Hh vhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0M/NbY9BGxOoBJwn4ERsoEQ rO0Ep+F+EJs7tAMoRpr1xxq+4cdJV4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMS93UQML4iA2gY6liERg/mx89pWdW6 dMw1rYU0rn6eyJjkTGTKLCdEcOhWfZm4n9eJ8Xw2s+ESlIExReLwlRSjOksAdoXGjjKiSWMa2FvpXzINONocyrZELzll1dJ 86LquVXv/rJSq+ZxFMkJOSXnxCNXpEZuSZ00CCeP5Jm8kjdn7Lw4787HorXg5DPH5A+czx9ENpJY</latexit>
b/a
<latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb2 0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKR EKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtK SQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+t eve1SqOWx1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb2 0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKR EKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtK SQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+t eve1SqOWx1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb2 0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKR EKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtK SQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+t eve1SqOWx1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit><latexit sha1_base64="AzTswBeOV72BJbO8TGN6dO9Mb2 0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kUI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw 3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKR EKRtFKD8EVHZQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtK SQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtrXVc+t eve1SqOWx1GEMziHS/CgDg24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD+W3jXw=</latexit>
R
/
(4
⇡
µ
a
)
<latexit sha1_base64="6LDKxZFr+VsuwACPXo15CcHxeDw=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUmUtBjwYvHKvYDmlA22027dDcJuxOhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFieAaHOfbKqysrq1vFDdLW9s7u3v2/kFLx6mirEljEatOQDQTPGJN4CBYJ1GMyECwdjC6nvrtB6Y0j6N7GCfMl2QQ8ZBTAkbq2Ud3555gIVRqXsI9mWKCPcUHQzjr2WWn6syAl4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DY2IZNrPZi9M8KlR+jiMlakI8Ez9PZERqfVYBqZTEhjqRW8q/ud1Uwiv/IxHSQosovNFYSowxHiaB+5zxSiIsSGEKm5uxXRIFKFgUiuZENzFl5dJ66LqOlX3tlau1/I4iugYnaAKctElqqMb1EBNRNEjekav6M16sl6sd+tj3lqw8plD9AfW5w+OpZYy</latexit><latexit sha1_base64="6LDKxZFr+VsuwACPXo15CcHxeDw=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUmUtBjwYvHKvYDmlA22027dDcJuxOhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFieAaHOfbKqysrq1vFDdLW9s7u3v2/kFLx6mirEljEatOQDQTPGJN4CBYJ1GMyECwdjC6nvrtB6Y0j6N7GCfMl2QQ8ZBTAkbq2Ud3555gIVRqXsI9mWKCPcUHQzjr2WWn6syAl4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DY2IZNrPZi9M8KlR+jiMlakI8Ez9PZERqfVYBqZTEhjqRW8q/ud1Uwiv/IxHSQosovNFYSowxHiaB+5zxSiIsSGEKm5uxXRIFKFgUiuZENzFl5dJ66LqOlX3tlau1/I4iugYnaAKctElqqMb1EBNRNEjekav6M16sl6sd+tj3lqw8plD9AfW5w+OpZYy</latexit><latexit sha1_base64="6LDKxZFr+VsuwACPXo15CcHxeDw=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUmUtBjwYvHKvYDmlA22027dDcJuxOhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFieAaHOfbKqysrq1vFDdLW9s7u3v2/kFLx6mirEljEatOQDQTPGJN4CBYJ1GMyECwdjC6nvrtB6Y0j6N7GCfMl2QQ8ZBTAkbq2Ud3555gIVRqXsI9mWKCPcUHQzjr2WWn6syAl4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DY2IZNrPZi9M8KlR+jiMlakI8Ez9PZERqfVYBqZTEhjqRW8q/ud1Uwiv/IxHSQosovNFYSowxHiaB+5zxSiIsSGEKm5uxXRIFKFgUiuZENzFl5dJ66LqOlX3tlau1/I4iugYnaAKctElqqMb1EBNRNEjekav6M16sl6sd+tj3lqw8plD9AfW5w+OpZYy</latexit><latexit sha1_base64="6LDKxZFr+VsuwACPXo15CcHxeDw=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUmUtBjwYvHKvYDmlA22027dDcJuxOhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFieAaHOfbKqysrq1vFDdLW9s7u3v2/kFLx6mirEljEatOQDQTPGJN4CBYJ1GMyECwdjC6nvrtB6Y0j6N7GCfMl2QQ8ZBTAkbq2Ud3555gIVRqXsI9mWKCPcUHQzjr2WWn6syAl4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DY2IZNrPZi9M8KlR+jiMlakI8Ez9PZERqfVYBqZTEhjqRW8q/ud1Uwiv/IxHSQosovNFYSowxHiaB+5zxSiIsSGEKm5uxXRIFKFgUiuZENzFl5dJ66LqOlX3tlau1/I4iugYnaAKctElqqMb1EBNRNEjekav6M16sl6sd+tj3lqw8plD9AfW5w+OpZYy</latexit>
16/(4⇡)
<latexit sha1_base64="ZR 7n/BAAdgol1LGxGjXbECteUVk=">AAAB8HicdVDLSgMxFM34 rPVVdekmWIS6GTPToe2y4MZlBfuQdiiZNG1Dk8yQZIQy9Cv cuFDErZ/jzr8xfQgqeuDC4Zx7ufeeKOFMG4Q+nLX1jc2t7dx Ofndv/+CwcHTc0nGqCG2SmMeqE2FNOZO0aZjhtJMoikXEaT uaXM399j1VmsXy1kwTGgo8kmzICDZWuvMql6Wgl7CLfqGIXF T1a34ZIrfi+wGqWBLUvGo5gJ6LFiiCFRr9wntvEJNUUGkIx 1p3PZSYMMPKMMLpLN9LNU0wmeAR7VoqsaA6zBYHz+C5VQZwG Ctb0sCF+n0iw0LrqYhsp8BmrH97c/Evr5uaYS3MmExSQyVZ LhqmHJoYzr+HA6YoMXxqCSaK2VshGWOFibEZ5W0IX5/C/0nL dz3kejdBse6u4siBU3AGSsADVVAH16ABmoAAAR7AE3h2lPP ovDivy9Y1ZzVzAn7AefsEPvyPVQ==</latexit><latexit sha1_base64="ZR 7n/BAAdgol1LGxGjXbECteUVk=">AAAB8HicdVDLSgMxFM34 rPVVdekmWIS6GTPToe2y4MZlBfuQdiiZNG1Dk8yQZIQy9Cv cuFDErZ/jzr8xfQgqeuDC4Zx7ufeeKOFMG4Q+nLX1jc2t7dx Ofndv/+CwcHTc0nGqCG2SmMeqE2FNOZO0aZjhtJMoikXEaT uaXM399j1VmsXy1kwTGgo8kmzICDZWuvMql6Wgl7CLfqGIXF T1a34ZIrfi+wGqWBLUvGo5gJ6LFiiCFRr9wntvEJNUUGkIx 1p3PZSYMMPKMMLpLN9LNU0wmeAR7VoqsaA6zBYHz+C5VQZwG Ctb0sCF+n0iw0LrqYhsp8BmrH97c/Evr5uaYS3MmExSQyVZ LhqmHJoYzr+HA6YoMXxqCSaK2VshGWOFibEZ5W0IX5/C/0nL dz3kejdBse6u4siBU3AGSsADVVAH16ABmoAAAR7AE3h2lPP ovDivy9Y1ZzVzAn7AefsEPvyPVQ==</latexit><latexit sha1_base64="ZR 7n/BAAdgol1LGxGjXbECteUVk=">AAAB8HicdVDLSgMxFM34 rPVVdekmWIS6GTPToe2y4MZlBfuQdiiZNG1Dk8yQZIQy9Cv cuFDErZ/jzr8xfQgqeuDC4Zx7ufeeKOFMG4Q+nLX1jc2t7dx Ofndv/+CwcHTc0nGqCG2SmMeqE2FNOZO0aZjhtJMoikXEaT uaXM399j1VmsXy1kwTGgo8kmzICDZWuvMql6Wgl7CLfqGIXF T1a34ZIrfi+wGqWBLUvGo5gJ6LFiiCFRr9wntvEJNUUGkIx 1p3PZSYMMPKMMLpLN9LNU0wmeAR7VoqsaA6zBYHz+C5VQZwG Ctb0sCF+n0iw0LrqYhsp8BmrH97c/Evr5uaYS3MmExSQyVZ LhqmHJoYzr+HA6YoMXxqCSaK2VshGWOFibEZ5W0IX5/C/0nL dz3kejdBse6u4siBU3AGSsADVVAH16ABmoAAAR7AE3h2lPP ovDivy9Y1ZzVzAn7AefsEPvyPVQ==</latexit><latexit sha1_base64="ZR 7n/BAAdgol1LGxGjXbECteUVk=">AAAB8HicdVDLSgMxFM34 rPVVdekmWIS6GTPToe2y4MZlBfuQdiiZNG1Dk8yQZIQy9Cv cuFDErZ/jzr8xfQgqeuDC4Zx7ufeeKOFMG4Q+nLX1jc2t7dx Ofndv/+CwcHTc0nGqCG2SmMeqE2FNOZO0aZjhtJMoikXEaT uaXM399j1VmsXy1kwTGgo8kmzICDZWuvMql6Wgl7CLfqGIXF T1a34ZIrfi+wGqWBLUvGo5gJ6LFiiCFRr9wntvEJNUUGkIx 1p3PZSYMMPKMMLpLN9LNU0wmeAR7VoqsaA6zBYHz+C5VQZwG Ctb0sCF+n0iw0LrqYhsp8BmrH97c/Evr5uaYS3MmExSQyVZ LhqmHJoYzr+HA6YoMXxqCSaK2VshGWOFibEZ5W0IX5/C/0nL dz3kejdBse6u4siBU3AGSsADVVAH16ABmoAAAR7AE3h2lPP ovDivy9Y1ZzVzAn7AefsEPvyPVQ==</latexit>
0.01
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FIG. S2. The drag coefficient of perfect-slip spheroidal particles with semi-axes b and a.
where
αn =
(n− 3)(n− 2)
(2n− 3)(2n− 1) , βn =
(n+ 1)(n+ 2)
(2n− 1)(2n+ 1) , γn =
2n2 − 2n− 3
(2n+ 1)(2n− 3) . (S15)
Now by substituting (S8) into (S13), and using these recursive relations, the perfect-slip boundary condition finally
reduces to
2τ0g
′
2 = τ
2
0 g
′′
2 −
1
5
g′′2 − α4g′′4 ,
2τ0g
′
4 = τ
2
0 g
′′
4 − γng′′4 −
4
5
g′′2 − α6g′′6 ,
2τ0g
′
n = τ
2
0 g
′′
n − γng′′n − βn−2g′′n−2 − αn+2g′′n+2, for n ≥ 6 (S16)
where g′n =
dgn
dτ |τ=τ0 and g′′n = d
2gn
dτ2 |τ=τ0 . Now, by using Eqs. (S11), (S12), and (S16), we can construct a linear
system of equations which can be solved to find the coefficients Bn and Dn. By using these coefficients, we can
determine the stream function and thus the flow field surrounding a perfect-slip prolate spheroidal particle. For the
drag coefficient, R, one can use the results of Payne and Pell [5] for an axisymmetric body which in our case reads
R = 4picB2. We can then simply calculate the drag coefficient for different aspect ratios, as shown in Fig. S2. All
of the expressions derived here can be simply mapped to oblate spheroidal coordinates, which then can be used to
resolve the flow field surrounding the motion of a perfect-slip oblate spheroidal particle. As discussed by Happel and
Brenner [1], one can use the transformation λ = iτ and c′ = −ic, and define λ0 = b/c′. By using this mapping, we
can determine the drag coefficient of the oblate spheroids, also shown in Fig. S2. As a perfect-slip oblate spheroids
transforms to a circular disc (b→ 0), one can see that the drag coefficient asymptotes to the one of a no-slip circular
disc which is 16µa [1]. We finally note that for the results reported in the main manuscript, we set N = 20, as further
increasing the number of terms did not result in any change in the values.
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